POOR LEGIBILITY

ONE OR MORE PAGES IN THIS DOCUMENT ARE DIFFICULT TO READ
DUE TO THE QUALITY OF THE ORIGINAL




5%

160 Spear Streel, Suite 1380 - S
San Francisco, California
94105-1535
415/957-0110
: SFUND RECORDS CTR
ICF TECHNOLOGY INCORPORATED 2092368
MEMORANDUM

SUBMITTED TO: Rachel Loften, U.S. Environmental Protection Agency

PREPARED BY: Timothy Swillinger, ICF Technology, Incorporated @»)

THROUGH: Matthew Williams, Ecology and Environment, Incorporated

DATE: July 25, 1991

SUBJECT: Completed Work

COPY: Marcia Brooks, Ecology and Environment, Incorporated

This list is for the attached completed:

PA X. PA Review ___ SSI LSI

Other EPI-PA

Site Name:
EPA ID#:
City, County:

State Recommendation:
(for Reviews only)

FOR EPA USE ONLY

CERCLIS Lead: S;Pp,\ en-A G \:IL ) N 0" / e )
NPL ol =2\ s

AR

?’i“"h



160 Spear Street, Suite 1380 g
San Francisco, California
94105-1535

415/957-0110

ICF TECHNOLOGY INCORPORATED

ENVIRONMENTAL PRIORITIES INITIATIVE

Purpose:

Site:

Site EPA ID Number:

TDD Number:

Program Account Number:

FIT Investigators:
Report Prepared By:
Report Date:

FIT Review/Concurrence:

Submitted To:

1.  INTRODUCTION

PRELIMINARY ASSESSMENT

RCRA Preliminary Assessment

Zeta Laboratories, Inc.

3265 Scott Blvd.

Santa Clara, California

Santa Clara County
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Timothy Swillinger, ICF Technology, Incorporated
Timothy Swillinger, ICF Technology, Incorporated

July 25, 1991
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Rachel Loftin
Site Assessment Manager, EPA Region IX

As part of the its Environmefital Priorities Initiative (EPI) program, the U.S. Environmental
Protection Agency (EPA) has requested ICF Technology, Inc.’s Field Investigation Team
(FIT), subcontractors to Ecology and Environment, Inc., to conduct a Preliminary
Assessment (PA) of Zeta Laboratories located at 3265 Scott Blvd., Santa Clara, California.

The EPI program integrates the Resource Conservation and Recovery Act of 1976 (RCRA),
as amended by the 1984 Hazardous and Solid Waste Amendments (HSWA) with the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980
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(CERCLA) as amended by the Superfund Amendments and Reauthorization Act of 1986
(SARA), in order to set priorities for cleanup of the most environmentally significant sites
first. The PA is conducted using CERCLA Hazard Ranking System (HRS) criteria to
determine the site’s eligibility for inclusion on the National Priorities List and, thus, assist in
prioritizing facilities for the RCRA Program.

2. SITE DESCRIPTION
21 Site Location and Owner/Operator History

The Zeta Laboratories site (Zeta) is located at 3265 Scott Blvd,, in Santa Clara, California
(T. 6S., R. 1W,, sec. 27, Mount Diablo baseline and meridian; lat. 37° 20’ 42", long. 121° 56’
48") (1,2). A site location map is presented as Figure 1. The property is currently owned
by Rosenberg Real Estate Equity Fund II, Inc., of Sunnyvale and is situated in a primarily
high technology industrial area in the city of Santa Clara (2,48). Prior to 1976, the property
was used for agriculture, most likely for the cultivation of citrus fruits (66). In 1977 Zeta
first occupied one of three buildings that were known as the San Thomas Business Park,
which was owned by the San Thomas Development Company. During the time that Zeta
occupied the site, the property was sold to the Rreef Fund of Palo Alto (51). Zeta vacated
3265 Scott Boulevard in Santa Clara in 1987, and moved operations to 2811 Orchard
Parkway in San Jose (51).

Zeta operated at 3265 Scott Boulevard as a microwave communication component and
printed circuit board manufacturer from 1977 to 1987. Zeta was owned by Computer &
Communications Technology (CCT) of San Diego, which held the lease at 3265 Scott
Boulevard. The site covers approximately 30,000 square feet, and is bordered to the north
by an office building (part of the business park), to the south by Scott Boulevard, to the east
by Montgomery Street, and to the west by a parking lot (2,45,47,51). Past on-site facilities
consisted of one building and a former paved and fenced chemical storage area (49). Within
the facility, Zeta operated a paint booth (67). A facility map which shows past waste
management units is presented as Figure 2. The building is still present at the site and is
currently subdivided into three businesses: Ultracision, Cabokit, and Sonictron, none of
which reportedly use hazardous materials or generate hazardous waste (2,30,32). The
former chemical storage area has been removed and repaved and is now a parking lot (2).
None of the current tenants at the site are listed on the CERCLIS or RCRA Databases
(3,4). The site is mostly paved, with some areas landscaped with grass and trees (2).

2.0 Facility Process/Waste Management
2.2.1 Historical

Zeta began operations at 3265 Scott Boulevard in Santa Clara in 1977, as a manufacturer
of microwave communication components systems and printed circuit boards (29,45). In
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1981, Zeta submitted a Part A application with EPA for storage in containers (69). Zeta
occupied this site until 1987 (51). Manufacturing processes involved electroless copper
deposition, copper and tin lead plating, scrubbing and stripping, copper etching, gold plating,
alodine process, solder fusing, zincate copper plating, developing, and dry film stripping (44).

Two types of chemical wastes were generated at Zeta: 1) spent chemical baths and paint
wastes such as thinners, which were hauled off-site for disposal, and 2) rinse waters
containing dilute amounts of chemicals, which were pretreated before discharge to the
sanitary sewer. The rinsewaters contained corrosive chemicals and metals (49).

Zeta’s chemical wastestreams included residual acid, ferric chloride, copper, chromium,
chromic acid, fluoride, water, cyanide, trichloroethane (TCA), calcium oxide, sodium
hydroxide, lead, nitrite, aliphatic hydrocarbons, acetone, methanol, acetates, toluene, 1-
nitropropane, and corrosive lab-packs (12). The spent chemical baths and rinses were
periodically replaced. The spent baths and rinses were pumped into 55-gallon polyethylene
drums. Paint wastes and thinners were transferred to metal 55-gallon drums as they were
generated. Reportedly, drums were kept in a bermed and fenced outdoor chemical storage
area for less than 90 days (49). These drums were segregated by waste type using bermed
sub-divsions of the storage area. Wastes were collected by waste haulers and transported
to treatment, storage, and disposal facilities (49). Wastes were disposed of by Solvent
Services, Inc. (EPA ID# CAD059494310), Ultra-Chem (EPA ID# CAT080013535), South
Bay Chemical (EPA ID# CAD000628147) and Chemical Waste Management Inc. (EPA
ID# CAD003986718). The ultimate disposition of the wastes were the Class I disposal sites
at Chemical Waste Management Kettleman Hills, (CAT000646117), and Casmalia Resources
(EPA ID# CADO020748125). Waste thinners and paints may have been reclaimed by
Solvent Service or Ultra-Chem (29,49).

Waste rinse water from the plating processes was generated when parts were rinsed after
emersion in a chemical bath. The rinse water from this process was hard-plumbed to the
treatment system consisting of a below-ground neutralization tank. In 1986, the tank was
removed and replaced by a new treatment system. This new system allowed rinse waters
from cyanide-containing tanks to be piped to a cyanide treatment tank before transfer to a
metal precipitation tank. Similarly, rinse water from chromium bearing solutions went to a
chromium reduction tank, before transfer to the metal precipitation tank. Monthly
wastewater analysis was performed on the effluent of the treatment system for pH, cyanide,
copper, chromium, lead, and zinc. On a weekly basis an in-house analysis was performed
for pH, copper, chromium, and cyanide in order to monitor the efficiency of the treatment
system (49). The treatment sludge from both systems was removed and stored in drums in
the chemical storage area (49).

2.2.2 Current

The site has been subdivided and is currently occupied by Ultracision, Cabokit, and
Sonictron. Cabokit and Sonictron both assemble electronic cable harnesses, and reportedly



do not handle any hazardous materials or hazardous waste (2,30,32). Ultracision assembles
automation equipment (robotics), and also reportedly does not handie any hazardous
materials or hazardous waste (2,31). The former Zeta drum containment area has been
removed, repaved, and is now used as a parking lot (2,29). The neutralization system that
replaced the sump was dismantled during closure activities in 1987 (51).

3. REGULATORY INVOLVEMENT
3.1 Environmental Protection Agency (EPA)

Zeta Laboratories has been registered on the RCRA database as a hazardous waste
generator, and a treatment and storage facility, at 3265 Scott Boulevard since August 1980.
Zeta filed for its Part A application in 1981 (69). A Part B was never filed, and closure
activities were approved by DHS (29,42).

3.2  California Department of Health Services (DHS)

Zeta applied for a California Extremely Hazardous Waste Disposal Permit in July 1981,
which was issued by DHS for one year (33). This permit was renewed the following year
(34). Zeta was issued an Interim Status Document (ISD) from DHS on December 16, 1981
(35).

In April 1983, Zeta applied to DHS for a variance from the ISD requirements for their
wastewater neutralization sump (36). In June 1983, Zeta was notified that they were eligible
for the variance, pending a compliance inspection and application review (37). During the
May 1984 DHS inspection, Zeta was found to be in compliance with all applicable generator
requirements (38). In June 1984, Zeta was informed that in order to be considered for a
variance, the existing neutralization sump would have to be modified to add a leak detection
system or a new system would have to be installed. Zeta was instructed to resubmit the
variance application once either of these options had been selected (39).

In September 1985, DHS denied the initial variance request pending review of construction
plans for the proposed neutralization unit (40). In October 1986, the new neutralization unit
was installed with secondary containment. Zeta established with DHS that resulting cyanide
and chrome levels were below the agency’s Extremely Hazardous levels and requested a
variance and a withdrawal of the ISD. After further review of the request, DHS agreed to
the withdrawal request because wastes were stored for less than 90 days, and only
neutralization was done (29,42).

In June 1987, the facility closed, the neutralization system and the drum storage area were
removed, and Zeta moved operations to the current location in San Jose (2,29). In
November 1987, formal confirmation and approval of the closure procedure was stated by



DHS in writing (29,42). There were no reported violations pertaining to hazardous materials
or hazardous waste issued by DHS, and no reported evidence of uncontained hazardous
substances during seven years of regulatory oversight at Zeta Laboratories (8). Zeta
Laboratories is not listed on the California Bond Expenditure Plan for hazardous waste sites

(14).
33 San Jose/Santa Clara Water Pollution Control Plant

The San Jose/Santa Clara Water Pollution Control Plant issued an Industrial Wastewater
Discharge Permit to Zeta (SC-038B, effective 1982) which expired in October 1985. The
permit required Zeta to provide quarterly sampling reports for levels of copper, nickel, and
lead and semi-annual sampling reports for levels of cadmium and cyanide in the treated
rinsewater. The permit established Maximum Allowable Discharge limits for Zeta for the
compounds as shown in Table 1 (44).

Table 1.
Maximum Allowable Discharge limits set forth by the San
Jose/Santa Clara Water Pollution Control Plant for Zeta
Laboratories, 1982.

| Constituent
| Cadmium 0.7
nﬁChromium 1.0 I
Copper 2.7
Lead 0.4
Nickel 26
Zinc 2.6
ﬂ Cyanide 1.0
lpH 5.0 - 10.5 (range) I

According to Zeta, these limits were never exceeded (51). However, analytical results of
wastewater samples show that Zeta exceeded discharge limits for copper and pH three times
in 1985 (19,20,21)

34 Santa Clara Fire Department
The City of Santa Clara Fire Department (SCFD), Chemical Division required Zeta to file

a hazardous substance inventory (7). In June 1987, Zeta notified the SCFD of its intent to
close the facility and move to San Jose, and provided a closure plan (45). The SCFD
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supervised the closure and inspected the facility to determine that the closure plan was
completed (29,46). The SCFD has no record of violations issued to Zeta pertaining to
hazardous materials or hazardous waste (7).

3.5 Other Agency Involvement

The Regional Water Quality Control Board (RWQCB) has no file information on Zeta
Laboratories and is not currently involved with the site (6).

The Bay Air Quality Management District (BAAQMD) has no record on file of a permit
for Zeta Laboratories and is not currently involved with the site (5).

The Santa Clara County Department of Environmental Health has no file information on
Zeta and is not currently involved with the site (64).

4. DESCRIPTION OF INDIVIDUAL SOLID WASTE MANAGEMENT UNITS

Distinct Solid Waste Management Units (SWMUs) have been identified to evaluate
potential on-site sources of releases to air, surface water, groundwater, and soil. A SWMU
is defined as any discernible waste management unit at a facility from which hazardous
constituents might migrate, irrespective of whether the unit was intended for the
management of solid and/or hazardous waste. As a result of this Preliminary Assessment,
FIT has identified three significant SWMUs at the site. It appears that none of these units
are RCRA-regulated. Additional SWMUSs may exist.

4.1 Drum Storage Area.

Unit Description
The drum storage area was located outdoors, adjacent to the building (see Figure 2), and

was bermed and fenced. The area was designed to contain 30 drums and was segregated
into corrosive, flammable, and toxic storage areas by additional bermed sub-divisions,
however, according to Zeta, no more than 15 drums were usually stored at any time. Waste
was stored no longer than 90 days (49).

Date of Start-up
The exact date of the start-up is not known, however, it is assumed that the area was put

in use after the time of the establishment of the facility, which was in 1977 (51). Bermed
subdivisions were installed in 1983 (36).

Date of Closure
The area was removed and repaved in June, 1987 (2,29).




Waste Managed '
The area was used for the storage of drums of paint sludge and thinners, spent alkalies,

spent acids, spent plating baths that contained metals, cyanide wastes, and treatment sludge
(49).

Release Controls

Spill control was provided by a drainage collection sump. The combined berm and sump
capacity was approximately 30 drums (49). In addition, the concrete floor of the storage
area was coated with epoxy (51).

History of Releases

There is no documentation which indicates that there was a release from this storage area.
There is no information to indicate that any sampling has been conducted in the area
beneath the storage area. According to the facility manager, there were never any known
releases from this unit (51). However, according to a report prepared by Zeta’s
environmental consultant, the area was flooded from rain at least twice (53).

42 Neutralization Sump

Unit Description
The neutralization sump was a 55-gallon below-ground tank which discharged directly to the

sanitary sewer. The tank was made of polyethylene and was encased in concrete.
Limestone was used in the sump to neutralize wastes prior to discharge (49).

Date of Start-up
The date of start-up was 1979 (66).

Date of Closure
The unit was removed on October 10, 1986 (29).

Waste Managed
The tank received rinse waters from plating baths described in section 4.1, which were

neutralized by limestone rocks in the unit before discharge to the sanitary sewer (49,51).

Release Controls _
The tank was encased in concrete. There are no other known release controls for the tank
(49).

History of Releases
Soil sampling was performed when the tank was removed. The location of the sampling was

directly beneath the point where the effluent stream entered the tank, approximately two
feet below ground surface. No background samples were taken. Metals present in the
waste stream were found in the soil, however none were found at levels above state action
levels. According to the facility manager, there were no releases from this unit (43,51).



43 Waste Treatment System

Unit Description

The waste treatment system replaced the neutralization sump. It was composed of three
tanks: a cyanide treatment tank, a chromium reduction tank, and a metal precipitation tank.
The combined total tank volume was 890 gallons. The tanks were made of polypropylene
and surrounded by a secondary containment tray that was made of polyvinyl chloride. Waste
rinsewater was plumbed directly to the treatment system. The unit was located above-
ground and indoors (49,51).

Date of Start-up

The waste treatment system was installed October 10, 1986 (29).

Date of Closure
The system was removed in June 1987 when the facility closed (29).

Waste Managed
The tanks received rinse waters from plating baths described in Section 4.1. Cyanide-

containing rinse water went through a cyanide treatment tank before entering a metal
precipitation tank. Chromium-bearing solutions were piped to a chromium reduction tank
before entering the metal precipitation tank. Treated rinse water from the metal
precipitation tank was discharged to the sanitary sewer (49,51). Treatment sludge was
removed and stored in 55-gallon drums in the chemical storage area (49).

Release Controls
A large secondary containment tray was installed around the entire waste treatment system.
This containment was designed to contain 110% of the total tank volume (49,51).

History of Releases
There is no documented release from this system. According to the facility manager, there

were never any known releases from this unit (51). There was no known sampling beneath
this unit.

4.4 Areas of Concern

FIT identified two areas of concern: the loading dock area where above-ground tanks were
kept, and a area of freon-contaminated soil located near another building within the business
park.

Aerial photographs taken in 1989 showed seven above-ground storage tanks located in the
loading dock area of the Zeta site (66). According to the facility manager, Zeta did not
have any outdoor storage tanks (51). Therefore, it is possible that these tanks were installed,
used, and removed by another operator between 1987, when Zeta relocated, and 1991 when
FIT performed a drive-by inspection (2).



Freon-11 was detected in a soil sample from a boring drilled at another building within the
complex, not at the Zeta site (66). According to the Zeta facility manager, Zeta used Freon
in two 10-gallon degreasers located indoors (68). There were no reported spills, leaks, or
releases from the Zeta facility (51).

5. HRS FACTORS

The Hazard Ranking System (HRS) is a scoring system used to assess the relative threat
associated with actual or potential releases of hazardous substances from sites. It is the
principle mechanism EPA uses to place sites on the National Priorities List (NPL). FIT has
evaluated the following HRS factors relative to this site.

5.1 Waste Type and Quantity

Zeta manufactured microwave communication components systems and generated spent
chemical baths, paint wastes, and rinse waters containing dilute amounts of chemicals. Table
2 shows waste types and quantity generated by Zeta on an annual basis (49). These wastes
were stored or treated in solid waste management units described in section 4.

Table 2. Waste Types and Quantity Generated By Zeta Labs on an Annual Basis. H

WASTE GALLONS PER YEAR
Paint sludge and thinners _ 165
" Spent alkalies 100
Spent acids 200
Spent plating baths 110
Cyanide wastes 40
Freon solvent wastes 780
Treatment sludge 700

In 1986, soil sampling was performed when the neutralization tank was removed. The
location of the sampling was directly beneath the point where the effluent stream entered
the tank, approximately two feet below ground surface. No background samples were taken.
Metals present in the waste stream were found in the soil, however, most of the levels were
within the range of naturally occurring background levels and they did not exceed state
action levels. Analytical results with corresponding action levels are presented in Table 3
(43,66,70). According to the facility manager, there were no releases from this unit (51).



In 1989, an environmental assessment was performed on the site as part of a commercial
property transaction of the 3-building San Thomas Business Park. Soil borings were drilled
and samples were taken at three different locations, each location adjacent to a building
within the complex. These borings were later converted into groundwater monitoring wells,
from which groundwater samples were drawn. During the soil sampling, no organic vapors
from the soil cuttings were detected. No petroleum hydrocarbons, gasoline constituents,
VOCs, pesticides or PCB’s were detected in site soil and groundwater. Samples were not
analyzed for metals (66).

Table 3. Results of soil samp]ing?e?eath the connection to the sump (mg/kg) I
Constituent | Natural Levels (ppm} | Level detected (ppm) | TTLC (ppm) “
Cadmium 1.0 0.10 100 I
Chromium | 5-1000 (range) 6.28 500 ﬂ
Cobalt 1-40 (range) 8.38 8,000 ]
Copper 2-100 (range) {1520 2500 I
Iron e 1456 -
Gold 2-1,000 (range) 0.42 ----
Lead 2-200 (range) 11.72 1000 ll
Nickel 5-500 (range) 19.76 2000 n
Zinc 10-300 (range) 17.16 5000 “
Sulfate | - 250 - I
Chloride | ----- 44 —--
Nitrate | ----- 21 -—--
Phosphate | ----- 2.7 ----

{ Flouride | — 2

5.2 Groundwater

The Santa Clara Valley is a large structural depression filled with alluvial and lacustrine
deposits (9). These deposits are predominantly organic-rich clay and silty clay (10). In the
northern portion of the Valley where the site is situated, the water-bearing strata are
grouped into the upper and lower aquifers (1,9,10). Groundwater at the site is encountered
at a depth of 15 to 20 feet bgs and flows to northeast (66). Water in the upper aquifer is
unconfined and is separated from the lower aquifer by unconsolidated, course-grained sands
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and gravels, and a clay layer approximately 40 feet thick (11,66). Groundwater in the upper
aquifer system is not known to have any beneficial uses (9). The lower aquifer system in the
area is found at a depth of approximately 200 feet bgs (1,9,11,13). The net annual
precipitation in the Santa Clara area is approximately 6 inches (15).

There are several municipal drinking water wells in the Santa Clara Valley which have been
contaminated with industrial chemicals. These wells serve as points of documented hydraulic
interconnection between the upper and the lower aquifer systems. One of these wells, Santa
Clara municipal well #20-02, is located within 2 miles of the Zeta site (1,9,13,16).

Four water purveyors operate groundwater wells that are located within 4 miles of Zeta.
They are the City of Santa Clara Water Department (SCWD), the City of San Jose
Municipal Water District (SIM), the California Water Service Company (CWSC), and the
City of Sunnyvale, Department of Public Works (SDPW). These purveyors operate a total
of 75 wells, 43 of which are within 4 miles of Zeta. These wells draw from the lower potable
aquifer system at depths ranging from approximately 200 feet to 880 feet bgs
(1,50,55,56,57,58,59). A list of water purveyors and municipal wells is presented as Table 4.

Table 4
Water Purveyor Information
Number of Wells Within Specified Total | Percent Total
Purveyor Distance Ring Number | Surface Population
of Wells | Water Served
0% | W | %1 | 1-2 23 34 In Used by by

System | System System

SIM 0 0 0 0 2 2 13 98% 80,000
SDPW 0 0 0 0 3 3 11 60% 90,000
CWwWsC 0 0 0 0 0 6 34 67% 69,500
SCwWD 0 0 0 7 12 9 27 20% 90,000

The nearest drinking water well to the site is SCWD well #21, located approximately 1 mile
southwest of the site. This well was part of an integrated system of 27 wells which blend
80% groundwater with 20% surface water from the Hetch-Hetchy Project and other surface
water systems outside the Santa Clara Valley (56,58,60). All 27 wells in this system are
located within 4 miles of Zeta. This water system supplies drinking water to a population
of approximately 90,000 residents in the city of Santa Clara (see Table 4)(1,17,18).

Currently, there are 13 operating wells in 4 SIM systems; 4 of these wells, which provide
water to all four systems, are located within 4 miles of Zeta. Two of these systems are
supplied by groundwater only and the other two are served by both groundwater and surface
water. The supply ratio for the SIM district is is 98% Hetch-Hetchy Project surface water
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and 2% groundwater. The 4 systems serve approximately 80,000 residents (see Table 4)
(52,55).

CWSC obtains 67% of its drinking water supply from the Hetch-Hetchy system and the
remaining source is obtained from 34 groundwater wells, 6 of which are located 3 to 4 miles
from Zeta. CWSC serves an estimated population of 69,500 (61,62,63) (see Table 4).

An estimated 60% of SDPW drinking water is provided from surface water, some of which
comes from the Hetch Hetchy Project. The remaining 40% is produced from 11
groundwater wells, 6 of which are located within 2 to 4 miles of Zeta. SDPW serves an
estimated total population of 120,000 people (see Table 4) (54,65).

In 1989, an environmental assessment was performed at the site as part of a commercial
property transaction of the 3-building San Thomas Business Park. During this assessment,
three soil borings were developed into monitoring wells. One of these wells, MW-1, was
located in the parking lot behind the Zeta building, downgradient of the neutralization
sump/system, and upgradient of the chemical waste storage area (See Figure 2). The other
two wells, MW-2 and MW-3, were located downgradient of Zeta at the other buildings in
the business park. No wells were placed upgradient of the Zeta site (66).

Trichlorotrifluoroethane (Freon 113) and a by-product of Freon were detected in water
samples taken from the 3 wells. The consultant performing the assessment concluded that
Freon 113 had migrated on-site from an upgradient source. In addition, levels of Freon 113
detected in groundwater underlying the site were several order of magnitude below proposed
drinking water standards (66). No petroleum hydrocarbons, gasoline constituents, pesticides
or PCB’s were detected in site soil and groundwater. Samples were not analyzed for metals.
Sample results are presented as Table 5 (66). Freon 11 was detected in soils at another
building within the business park where Zeta is located, but not at the actual Zeta site (66).

Table §.
on 113 levels detected in groundwater at San Thomas Business Park (ug/)

T T e e e sy

COMPOUND MW-1 (Zeta) l MW-2 MWw-3
| (downgradient) | (downgradient)
l 18 '

Based on the presence of groundwater contamination and the shallow depth to groundwater,
there appears to be a high potential to release to groundwater.

53 Surface Water

There is no downslope surface water body to the Zeta site. The elevated Bayshore Freeway
would preclude any possible releases to Saratoga Creek, which is an intermittent creek
located approximately 0.25 miles south of the site (1,67). The creek flows into south San



Francisco Bay approximately 12 miles downstream from the site (1). There are no known
beneficial uses of Saratoga Creek (67). Beneficial uses of the bay include contact water
recreation, wildlife habitat, fish spawning and migration, and habitat of endangered species
(22). There is no commercial fishing in the south San Francisco Bay area, however, sport
harvesting of shellfish is known to occur (23,24). Several federally designated endangered
species are present in the bay including the California clapper rail (Rallus longirostris
obsoletus), the Salt marsh harvest mouse (Reithrodontomys raviventris), and the California
least tern (Sterna antillarum browni) (25). The 2-year, 24-hour rainfall in the Santa Clara
area is approximately 2 inches (26). The site is located in a 100-year flood plain (1,27).
Due to a lack of a downslope surface water body, the potential for a release from the site
to surface water route currently appears to be low.

54 Soil Exposure

The Zeta site is located in a high technology industrial area in the northeastern part of Santa
Clara (1). Approximately 6,500 people live within one mile of the unfenced site (2,28). The
potential for an on-site exposure incident appears to be low because the site is currently
paved and landscaped with grass and trees, and known waste sources have been removed.

5.5 Air

The site is mostly paved, with some areas of landscaping that consist of grass and trees (2).
Approximately 189,700 residents live within 4 miles of the site. The population distribution
within 4 miles of the site is presented in Table 6 (28).

Table 6. Population Distribution Within 4 Miles of the Zeta Site
Distance from the site _ Population
On site 250
0 - 0.25 mile 390
0.25 - 0.5 mile 755 II
0.5 - 1 mile 6,040
1 - 2 miles 30,841
2 - 3 miles 55,721
3 - 4 miles 95,704 1

The current potential for release from the site via the air route appears to be low because
the site is currently paved and landscaped with grass and trees, and known waste sources
have been removed.
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6. SUMMARY OF FIT INVESTIGATIVE ACTIVITIES

Upon recommendation of the EPA Site Assessment Manager, FIT did not conduct a site
visit or interview at Zeta (41). FIT did conduct a drive-by survey to obtain photographic
documentation of current occupancy and the removal of the waste storage area (2). FIT
contacted DHS, RWQCB, BAAQMD, the Santa Clara County Fire Department, the facility
operator for Zeta, and current and past property owners and tenants to obtain file
information on the site.

7. EMERGENCY RESPONSE CONSIDERATIONS

The National Contingency Plan [40 CFR 300.415 (b)(2)] authorizes the Environmental
Protection Agency to consider emergency response actions at those sites which pose an
imminent threat to human health or the environment. Emergency removal considerations
at the Zeta site do not appear to be necessary at this time, due to an apparent lack of
hazardous substances currently located at the site.

8. SUMMARY OF HRS CONSIDERATIONS

Zeta Laboratories was a manufacturer of microwave communication components systems
and printed circuit boards. Wastes generated at Zeta included spent chemical baths, paint
wastes, rinse waters, and metal sludges. Zeta applied filed a part A application in 1981 and
requested a variance from the ISD. The variance was granted one year before Zeta vacated
the facility following closure activities in 1987. The site is currently occupied by 3 businesses
that reportedly do not use hazardous substances.

Groundwater is found at a depth of 15 feet below ground surface at the Zeta site. The site
is underlain by two aquifer systems, an upper non-potable aquifer system and a lower
potable aquifer system. The upper aquifer is separated from the lower aquifer by 200 feet
of soils, including a 40-foot thick clay aquitard. However, Zeta lies within 2 miles of a
municipal well that serves as a point of demonstrated aquifer interconnection. Within 4
miles of the site, water from the lower aquifer is supplemented with surface water for
drinking by over 200,000 residents in the cities of Santa Clara, Sunnyvale, and San Jose.
These residents are served by 4 water purveyors. The nearest drinking water well, Santa
Clara Municipal Well #21, is located approximately 1 mile southwest of the site. Based on
the presence of groundwater contamination and the shallow depth to groundwater, there
appears to be a high potential to release to groundwater.

There is no downslope surface water body to the Zeta site. The elevated Bayshore Freeway
would preclude any possible releases to Saratoga Creek, which is an intermittent creek
located approximately 0.25 miles south of the site. Because of this, there is no indication
that a potential for a release via the surface water route currently exists.

14



The Zeta site is located in a high technology industrial area in the northeastern part of Santa
Clara. Approximately 6,500 people reside within 1 mile of the site and approximately
189,700 within 4 miles of the site. The site is mostly paved, with some areas of landscaping
that consists of grass and trees, and is not fenced. There is no information to indicate the
release of uncontained hazardous waste to air has occurred, and there is a current lack of

waste on site, The potential of an on-site soil exposure incident or a release to air appears
to be low.

The significant HRS factors associated with the site are:
o There is a shallow depth to groundwater,

« groundwater serves as drinking water to a large population, and
+ substances stored on-site had a high toxicity.

15



9. EPA RECOMMENDATION

Initia Date

No Further Remedial Action Planned (CERCLA) g2\
Higher Priority SSI (CERCLA)

Lower Priority SSI (CERCLA)

Defer to Other Authority

(e.g., RCRA, TSCA, NRC)

Notes:
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APPENDIX A

Contact Log
and

Contact Reports



~ Affiliation”

Information

Environmental Health

e

__ Name |  Phone # Date
*Larry Disgue | City of Sunnyvale (408) 730-7500 | 04/06/87 | See Contact Report
*Dave Thomas | California Department | (415) 688-6340 | 10/17/89 | See Contact Report
of Fish and Game
*Alex Sandigo | City of Sunnyvale (415) 730-7800 | 11/10/89 | See Contact Report
*Paul Reiley California Department (415) 688-6340 | 11/13/89 | See Contact Report
of Fish and Game
*Mike Dulude | City of Santa Clara (408) 984-3183 | 11/13/89 | See Contact Report
*Greg Eager California Department (415) 540-2158 | 11/14/89 | See Contact Report
of Health Services
*Dennis Ma City of Santa Clara (408) 984-3183 | 11/14/89 | See Contact Report
*Bob Kenton City of San Jose (408) 277-4218 | 12/05/90 | See Contact Report
*Tim Town City of San Jose (408) 277-3671 | 12/21/90 | See Contact Report
*Bob Kenton City of San Jose (408) 277-4218 | 02/01/91 | See Contact Report
*Clay Scoffield | California Water Service | (415) 367-6800 | 02/28/91 | CWSC obtains surface
Company water from Hetch-Hetchy.
*Rick Steel California Water Service | (415) 968-1686 | 03/04/91 |CWSC serves an
Company estimated 69,500 residents.
Debra Webb Bay Area Air Quality (415) 771-6000 | 04/03/91 | BAAQMD has no file
Management District information on Zeta Labs
Doug Hansen | City of Santa Clara Fire | (408) 984-3084 | 04/03/91 | The Fire Department
Department required Zeta to file a
hazardous substance
inventory, and they have
no record of any violations
issued to Zeta.
Dave Rist Santa Clara County (408) 299-6930 | 04/03/91 | There is no file

information Zeta Labs

* Past Contact Report Used to Evaluate Current Site




Name Zeta Laboratories

" Facility TD: CAD049233570

Name

Affiliation

"Pﬁohe #

Date

lnformation B

Bruce Wolfe

Regional Water Quality

Control Board

(415) 464-0797

04/03/91

RWQCB does not have
a file on Zeta Labs

| Walter Baum

California Department

of Health Services

(415) 540-3957

04/15/91

See Contact Report

"Cindy"

Cabokit

(408) 496-5800

04/16/91

TSee Contact Report

"Ronata"

Ultracision

(408) 980-0666

04/17/91

Ultracision is located at
3310 Montgomery St.
(same building as Zeta).
Ultracision assembles
h robotic machinery, and

does not handle
hazardous materials or
waste.

Alan Klein

Cypress Realty

(408) 980-2500

04/18/91

See Contact Report

*Dennis Ma

City of Santa Clara

(408) 984-3183

04/18/91

See Contact Report

Rachel Loftin

US. EP.A.

(415) 744-2348

04/26/91

See Contact Report

Sharie Dunn

The Rreef Fund

(408) 744-1204

04/30/91

See Contact Report

Rachel Sanoff

Cypress Realty

(408) 980-2500

05/01/91

3265 Scott Blvd. is
owned by Rosenberg
Real Estate Equity
Fund II of Sunnyvale.
The property is leased
to Ultrasonics, and
il Cypress which subleases
its share to Sonictron
and Cabokit.

Chuck Coady

Lucas/Zeta

(408) 434-3693

05/29/91

See Contact Report

Chuck Coady

Lucas Zeta

—

(408) 434-3693

06/25/91

Zeta had two degreasers
that each held an est-
imated 10 gal. of "Freon
TF" and generated an
estimated 15 gal/week
total of waste.

* Past Contact Report Used to Evaluate Current Site




SITE DRIVE-BY OBSERVATIONS REPORT

ICF Technology, Inc.
Field Investigation Team (FIT)
160 Spear Street, Suite 1380
San Francisco, CA 94105
(415) 957-0110

OBSERVATIONS MADE BY: DATE: April 11, 1991

Timothy Swillinger, ICF Technology Inc.

SITE NAME: Zeta Laboratories EPA ID#: CAD049233570

The following observations were made during the site drive-by:

Zeta Laboratories no longer occupies the building at 3265 Scott Boulevard in Santa Clara.
This address is currently occupied by Sonictron, Inc. The building is located on the corner
of Scott Boulevard and Montgomery Street, in a high technology industrial area of Santa
Clara. The building has other occupants with a separate address (but still part of the same
building): Cabokit, Inc., and Ultracision, Inc., located at 3310 Montgomery.

The site is paved except for landscaped areas in the front which consist of grass and tress.
There is no sign of stressed vegetation. Behind the facility is a parking lot. Based on
photographs and a facility layout map obtained from California Department of Health
Services (DHS) file information, it appears that the previous hazardous waste storage area
located behind the facility has been removed and paved over and is now used as a parking
lot. This is consistent with the final inspection performed by the City of Santa Clara Fire
Department and approved by DHS. Currently, there are no indications of hazardous
materials use or storage outside of the building.



CONTACT REPORT

Agency/Affiliation: City of Sunnyvale
Department/Region:
h Address/City: 221 Commercial Street, Sunnyvale
County/State/Zip: Santa Clara County, CA 94086
Contact Title | :Plibiiézn :
Larry Disgue (408) 730-7500

ICF Person Making Contact: Tom Beer, Ecology & Environment = Date: April 6, 1987

Subject: Sunnyvale Groundwater Wells

Site Name: Zeta laboratories (From: Technical EPA ID#: CAD049233570
Coatings, CAD009118506)

City wells supply all of the city of Sunnyvale. At present, wells supply 26% of the water. Forty-eight
percent of the water is from the Hetch-Hetchy; and the remaining 26% from the santa Clara Valley
Irrigation district. The wells are in a fully integrated supply system with 30,000 metered service
connections. The wells are perforated from 250 to 700 feet.

1. In 1986, an old 12 inch agricultural well near the corner of Moffett Park Drive and Borregas
Avenue started artesian flow. The hole was plumbed to a depth of 240 feet.




| Agency/Affiliation: California Department of Fish and Game

j Department/Region:
Address/City: 411 Burgess Drive, Menlo Park
County/State/Zip: San Mateo, CA 94025
.
Contact Title Phone
David Thomas Marine Biologist (415) 688-6340
ICF Person Making Contact: Janine Young Date: October 17, 1989

Subject: Commercial Fishing in the South Bay

Site Name: Zeta Laboratories (From: Monsanto EPA ID#: CAD049233570
Chemical Company, CAD009156290)

Only commercial fishing the Bay around Santa Clara County is for bay shrimp. Bay shrimp is used
for bait.

A smaller industry in which fish is caught for human consumption is the shark and stripe bass
industry. Unfortunately, there is no information available regarding the amount of fish caught
annually.

For more information on Bay Shrimp, call Paul Reiley of Region 4.




Agency/Affiliation: City of Sunnyvale
Department/Region: Public Works Department
Address/City: 221 Commercial Street, Sunnyvale
County/State/Zip: Santa Clara County, CA 94086
~ Contact Title I ~ Phome
Alex Sandigo Department Supervisor ﬂ (408) 730-7800
ICF Person Making Contact: Yoon K. Toh Date: November 10, 1989
Subject: Water Supply to City of Sunnyvale
Site Name:  Zeta Laboratories EPA ID#: CAD(049233570
(From: Safety-Kleen Corporation,

CAD(Q77187888)

The City of Sunnyvale drinking water is blended from three sources:

1. Ten active municipal wells;

2. Hetch-Hetchy project; and

3. Santa Clara Valley Water District (SCVWD) which gets its water from Lexington Dam, Stevens
Creek, Sacramento Delta, San Felipe Reservoir.

No surface water bodies in the city are used for drinking water purposes. The population of the city
of Sunnyvale is approximately 120,000.




é’o ACT REPORT

Agency/Affiliation: California Department of Fish and Game
Department/Region: Marine Resources Division
Address/City: 411 Burgess Drive, Menlo Park
County/State/Zip: San Mateo, CA 94025
Contact ~ Title ﬂ Phone
. Paul Reiley Marine Biologist | (415) 688-6340
ICF Person Making Contact: Joe Lukas Date: November 13, 1989
Subject: Bay Shrimp
Site Name:  Zeta Laboratories (From: Monsanto EPA ID#: CAD049233570

Chemical Company, CAD009156290)

1. Bay Shrimp is used solely for bait (there are verbal reports that numerous people are purchasing
the bait shrimp for food).

2. Three types of shrimp are caught in the south bay:
a) Bay Shrimp (up to 90% are caught in this area);
b) Korean shrimp (found in brackish water around the Alviso Slough area up to 50% are caught
in the south bay); and
c¢) Blacktail.

3. Bay shrimp are caught by operators in the following areas:
a) Alviso Slough
b) Redwood Creek-south of San Mateo Bridge
c¢) Carquinez Straits




Agency/Affiliation: City of Santa Clara

Department/Region: Water Department

Address/City: 1500 Warburton Avenue, Santa Clara
County/State/Zip: Santa Clara County, CA 95050

Contact ~ f Title | [ phone

Mike Dulude Engineering Aid |] (408) 984-3183 |
ICF Person Making Contact: Yoon K. Toh Date: November 13, 1989
Subject: Water Supply to the City of Santa Clara
Site Name:  Zeta Laboratories EPA ID#: CAD049233570
From: Safety-Kleen, C 77487888

The City of Santa Clara drinking water is blended from three sources:

1. 28 active municipal water wells;
2. Hetch-Hetchy Project; and
3. Santa Clara Valley Water District

There are a total of 28 active wells in the city of Santa Clara. Wells #31 and 23 have not been
drilled. Well #33 has been drilled but is not active yet. The active wells are: 2-02, 3, 4, 5-02, 6, 7,
8, 9-02, 10, 11, 12, 13-02, 14, 15 16-02, 17-02, 19, 20-02, 21, 22-02, 22-03, 23, 24, 25, 26, 28, 29, 30.

The population of the city of Santa Clara is approximately 90,900.




* CONTACT REPORT

Agency/Affiliation: California Department of Health Services
Department/Region: Water Supply Division
Address/City: 2151 Berkeley Way, Berkeley
County/State/Zip: Contra Costa County, CA 94704
Contact T noe I Prone
Greg Eager I Sanitary Engineer Il (415) 540-2158
ICF Person Making Contact: Yoon K. Toh Date: November 14, 1989

Subject: Information on Santa Clara Valley Creeks

Site Name: Zeta Laborataries EPA ID#: CAD0492233570
(From: Safety-Kleen, CAD(77187888)

All the creeks in Santa Clara Valley are seasonal creeks. None of the creeks and rivers are used for
drinking, irrigation, food preparation, or industrial purposes. All these creeks are used as storm
drains and are controlled by Santa Clara Valley Water District (SCVWD) for flood control. No
average flow is available on any of the creeks or rivers.

Both bermed streams, Coyote Creek and Guadalupe River are used for recreational fishing for
Steelhead. There are signs indicating that the creeks and rivers are possibly contaminated, however,
some occasional fishing activity has been noted.




Agency/Affiliation: City of Santa Clara

Department/Region: Public Works Department
Address/City: 1500 Warburton Avenue, Santa Clara
County/State/Zip: Santa Clara County, CA 95050

© Contact o Title ! Phone

Dennis Ma Senior Water Engineer |  (408) 984-3183

ICF Person Making Contact: Yoon K. Toh Date: November 14, 1989
Subject: File Search
Site Name:  Zeta Laboratories EPA ID#: CAD0492233570

(From: Safety-Kleen, CADQ77187888)

There are currently 28 active wells in the City of Santa Clara. One of the wells, SC1-02 is currently
on standby and is not in service but could be. No contaminants have been detected in this well.
Contaminants were detected in two municipal wells in 1984 but the concentration was below State
Department of Health Services Water Quality Standard for drinking water criteria.

Well Contaminant Detected Status
SC-24 Freon-113, Cis-1, 2-DCE  Active
SC20-02 1,1, 1-TCA Active

These wells were never closed because the concentration of contaminants in the wells did not exceed
limit for drinking water criteria. Water from municipal wells in the City of Santa Clara is blended
with water imported from Hetch-Hetchy system and Santa Clara Valley Water District to serve the
population of Santa Clara of approximately 90,000.




Agency/Affiliation: City of San Jose

Department/Region: Municipal Water District
Address/City: 3025 Tuers Road, San Jose
County/State/Zip: Santa Clara, California 95121
Contact Title ﬂ Phone -
Bob Kenton Water Engineer | (408 277367
ICF Person Making Contact: Belinda Peters Date: December 5, 1990

Subject: Water supply information for the city of San Jose

Site Name: Zeta Laboratories (From: Keystone EPA ID#: CAD049233570

Consolidated Industries,
CAD009141433)

R,

The San Jose Municipal Water District (SJM) supplies water to the Alviso, Coyote, Evergreen, and
northern (Northeast of Highway 101) areas of San Jose. The population served is approximately
80,000 residents. SJM is divided into 4 service areas: 2 are served solely by groundwater, and 2
(north San Jose and Coyote) are served by both surface water and groundwater. In 1988, the ratio
of surface to groundwater was 88% to 12%, and in 1989, the ratio was 98% to 2%. Less water is
being pumped now due to the drought. None of the groundwater wells pump greater than 40% of
the total production. There are 13 wells used, and the wells are not interconnected. Water from
this system has industrial as well as drinking uses.




Agency/Affiliation: City of San Jose

Department/Region: Municipal Water District

Address/City: 3025 Tuers Road, San Jose
County/State/Zip: Santa Clara,California 95121
il | _'Ciin'tac't_" . Title Ir | Ph:one.'” )
Tim Town I Water Engineer II (408) 277-3671
ICF Person Making Contact: Belinda Peters Date: December 21, 1990

Subject: Groundwater well locations for San Jose Municipal Water District

Site Name: Zeta Laboratories (From: Keystone EPA ID#: CADQ049233570
Consolidated Industries,
CAD009141433)

The 11 wells in the area of concern are located as follows:

- Four wells are located at the corner of Capitol Expressway and Tuers Road (at the water
company office).

- Two wells are located at the corner of Fontanoso and Highway 101 near Blossom Hill Road, on
the east side of Coyote Creek.

- One well is located on Bailey Avenue west of Monterey Highway near the railroad tracks.

- Two wells are located on the south side of Montegue Expressway between Research Place and
Zanker Road.




INTACT REPORT

Agency/Affiliation: City of San Jose

Department/Region: Municipal Water District

Address/City: 3025 Tuers Road, San Jose

County/State/Zip: Santa Clara, California 95121
~ Contact : N O Title o Phone -
Bob Kenton I Water Engineer + (408)277-3671

ICF Person Making Contact: Belinda Peters Date: February 1, 1991

Subject: Agquifer information for the Santa Clara area

Site Name: Zeta Laboratories (From: Keystone EPA ID#: CAD049233570
Consolidated Industries,
CAD009141433) {

— O
In the central Santa Clara Valley there are two aquifers. The City of San Jose Municipal Water
District uses only water from the lower of these two aquifers as a source of drinking water and their

wells only pump water from the lower aquifer. The lower aquifer can be as shallow as 120 feet
below ground surface (bgs) in some areas of the valley.

In the southern end of the valley, there are 2 other groundwater basins which are not interconnected
in any way with the Santa Clara Valley basin. These 2 basins are the Coyote Basin, and the Santa
Theresa. The Great Oaks water company, as well as the Edenvale system of SIM both pump water
from the Santa Theresa basin. The Coyote system of SJM pumps from the Coyote basin which is a
perched water table located along Monterey Road in south San Jose. In this basin, the water is so
prolific, that at some points it reaches the surface.




\CT REPORT

Agency/Affiliation: California Department of Health Services (DHS)
Department/Region: Toxics

Address/City: 700 Heinz St., 2nd Floor Berkeley
County/State/Zip: Alameda, CA_ 94710

‘Contact Title ﬂ ~ Phone

Walter Baum

Assoc. Waste Mgmt. Engineer ll (415) 540-3957

ICF Person Making Contact: Timothy Swillinger Date: April 15, 1991

Subject: Zeta Labs

Site Name: Zeta Laboratories EPA ID#: CADQ(49233570

R

Mr. Baum was the project officer for DHS at Zeta labs. He said the facility looked pretty clean and
did not recall any violations associated with hazardous materials or storage. He says he remembers
that Zeta occupied the entire building at 3265 Scott Blvd, Santa Clara. He said to check with the
Santa Clara County Environmental Health Department, Toxics Control Unit. Contact Bob Holsten
at (408) 299-6930.

Mr. Baum said the only sampling that occurred took place when the underground neutralization
sump was removed in October 1986.




Agency/Affiliation: Cabokit

Department/Region:
Address/City: 3265 Scott Blvd. Santa Clara
County/State/Zip: Santa Clara, California 95054

Contact Title | n ~ Phone

"Cindy" Office Manager Il (408) 496-5800

ICF Person Making Contact: Timoth illinger Date: April 16, 1991
Subject: 3265 Scott Blvd.
Site Name:  Zeta Laboratories EPA ID#: CADO049233570

Cabokit occupies less than 4,000 square feet of the building at 3265 Scott Blvd. They are a cable
assembly company, and do not handle hazardous materials or waste. Other occupants in the

building include Ultra Sonics, and Sonictron. The property manager is "Cypress” and the contact is
Alan Klein at (408) 980-2500. She did not know how long Cabokit had been located at 3265 Scott.




| Agency/Affiliation: Cypress Realty

Department/Region:
Address/City: 2175 Martin Ave, Santa Clara
County/State/Zip: Santa Clara, California 95050
i - Contact | © Title _Phone -
Alan Klein Corporate Officer (408) 980-2500
i
ICF Person Making Contact: Timothy Swillinger Date: April 18, 1991

Subject: 3265 Scott Blvd.

Site Name: Zeta Laboratories EPA ID#: CAD049233570

TERIRRCS

Mr. Klein said that Cypress is a tenant at 3265 Scott. They lease 25,000 square feet, and sublease
this to Cabokit, which has 5,000 square feet and Sonictron, which occupies 20,000 square feet. He
said Sonictron assembles electronic harnesses for cable and does not believe that they handle
hazardous material and waste. Cypress has leased the property since 1989. He said if Sonictron will
not allow us to inspect, his assistant, Rachel Sanoff, will lead us on a tour of the facility.




Agency/Affiliation: City of Santa a

Department/Region: Public Works Department
Address/City: 1500 Warburton Avenue, Santa Clara
County/State/Zip: Santa Clara County, CA 95050
‘Contact R Title ﬂ  Phone
Dennis Ma Senior Water Engineer I (408) 984-3183
E & E Person Making Contact: Tom Genolio Date: April 18, 1991
Subject: Groundwater use
Site Name:  Zeta Laboratories EPA ID#: CADO0492233570
(From: Continental Can Company CAT000624643)

ir EECTETITRPRY

All wells generally draw from the same aquifer. The total population served is approximately 90,000.
There may be rare instances where, because of unknown aquitards, wells draw from different
sources. No one well contributes more than 40 percent of the total water supply. The ratio of
surface to groundwater varies considerably from year to year. This year they are relying on more
groundwater (about 80 percent).




Agency/Affiliation: U.S. Environmental Protection Agency

Department/Region: Field Operations Branch

Address/City: 75 Hawthorne St., San Francisco
County/State/Zip: San Francisco, CA 94105
_ Comtst b Tige | Pnone
Rachel Loftin I State Assessment Manager “ (415) 744-2348
ICF Person Making Contact: Timothy Swillinger Date: April 26, 1991
Subject: Contact with PRP
Site Name:  Zeta Laboratories EPA ID#: CAD049233570

Ms. Loftin was contacted for a decision on whether an inspection/interview was necessary. I
explained that the DHS file search provided quite comprehensive information of facility processes
and waste storage. I also explained that the facility vacated the premises in 1987 and all businesses
that occupy the building currently do not handle hazardous materials and waste. A drive-by revealed
that the old waste storage area has been removed, paved over, and is now a parking lot. Contact
with the past DHS project officer revealed that there was never any evidence of uncontained
hazardous material or waste. File searches at other agencies revealed no record of violations. Ms.
Loftin felt that an evaluation could be made based on current information without any inspection,
and advised that I try to fill any data gaps by mail.




Agency/Affiliation: The Rreef Funds

Department/Region:
Address/City: 155 Moffet Park Dr. Sunnyvale
County/State/Zip: Santa Clara, CA

‘Contact Title I Phone

Sharie Dunn District Manager H (408) 744-1204

ICF Person Making Contact: Timothy Swillinger Date: April 30, 1991
Subject: Zeta occupation of 3265 Scott Blvd.
Site Name:  Zeta Laboratories EPA ID#: CADO049233570

Ms. Dunn said Zeta occupied the entire building at 3265 Scott, approximately 30,000 square feet.
She said Zeta used very little hazardous materials, and she was present at the final inspection in
1987 with Dave Parker of the City of Santa Clara Fire Dept.

She said Rreef Fund of Palo Alto bought the building sometime between 1977-79 and Zeta already
occupied the building. In 1988, they sold the building to Essex property Corp., who conducted an
environmental assessment of the site with sampling as part of a property transfer, and the report
showed no evidence of hazardous material release to the environment. She does not remember who
originally the property was purchased from. Sharon Posner was the contact at Essex (415) 494-3700
at 777 California Ave. Palo Alto, 94304.




1 Agency/Affiliation: Lucas/Zeta

Department/Region:
Address/City: 2811 Orchard Parkway, San Jose
County/State/Zip: Santa Clara/California
 Contact . ~ Title | ~ Phone
Chuck Coady Facility Manager (408) 434-3693
ICF Person Making Contact: Timothy Swillinger Date: May 29, 1991

Subject: History of operations at Zeta Labs in Santa Clara

Site Name: Zeta Laboratories EPA ID#: CAD049233570

Mr. Coady said Zeta was owned by Computer & Communications Technology (CCT) of San Diego.
CCT originally leased the building at 3265 Scott Boulevard from the San Thomas Development
Company in October 1976. During Zeta’s occupation of this property, the property was sold to the
Rreef Fund of Palo Alto. Rreef Fund maintained the existing lease with CCT/Zeta. CCT no longer
owns Zeta. Lucas/Zeta purchased only the assets of Zeta. Mr. Coady was retained as facility
manager at Lucas/Zeta. Mr. Coady estimated the number of employees at the Santa Clara Zeta site
at 250. He estimated that the outdoor chemical storage unit and the neutralization sump were
installed sometime after the facility began operations in 1977. Other than the storage unit, the
sump, and the neutralization system that replaced the sump, he knows of no other hazardous waste
management units at Zeta. The storage unit had a concrete floor that was treated with epoxy. To
the best of his knowledge, there were never any spills or leaks during Zeta’s 10 years at 3265 Scott
Boulevard, and no violations were ever issued from any regulatory agency that pertained to
hazardous materials or waste. Zeta never exceeded the Maximum Allowable Discharge limits set
forth by the San Jose/Santa Clara Water Treatment Facility. At the time of the 1987 closure, Zeta
was approved for clean closure, and to the best of his knowledge no soil or groundwater samples
were ever taken. Wipe samples were taken when the neutralization sump was removed. Mr. Coady
verified that the neutralization system that replaced the neutralization sump consisted of three tanks,
that were surrounded with one large secondary containment tray. There were never any releases or
leaks into this tray. This system was located indoors. Zeta never had any outdoor storage tanks.
The only unit that Zeta managed outdoors was the drum storage area.

RICCIEIEIETITITEr, e —
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APPENDIX B

Photographic Documentation
of
3265 Scott Boulevard
Santa Clara, California

Photographs Taken on 04/11/91
by

Timothy Swillinger



Photo 1: 3265 Scott Boulevard, Santa Clara. Former location of Zeta
Laboratories (Facing north).

Photo 2: 3310 Montgomery Drive, Santa Clara. Building pictured is the
same building located at 3265 Scott Blvd. (Facing southwest).



no
o

Photo 3: Parking lot behind 3265 Scott Blvd,, the previous location of the
chemical waste storage area. (Facing South)

S

Photo 4: Back side of 3265 Scott Blvd. (Facing southeast)
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(415) 540-2043
® June 20, 1983

Mr. Austin Terry

Zeta Laboratories®

3265 Scott Boulevard
Santa Clara, CA 95051 .
EPA ID#CAD049233570

Dear Mr, Terry:

The Department of Health Services has received your request for a
variance from the Hazardous Waste Facility permit requirements. You
are basing your request on one or more of the following statements:

o You do not store hazardous waste on~-site for more
than 90 days.

o Your hazardous waste treatment process is mot . Tl
] regulated or is permitted-by-rule under the '
. Resource Conservation and Recovery Act (e.g.,
neutralization of a corrosive waste in a tank prior .
to discharge to the sewer system or a wastewater
pretreatment system which discharges-under permit
to a publicly owned treatment works)..

0 ' Your hazardous waste is insignificant as a potential
hazard to human health, domestic livestock or wild-
1ife because of its small quantity, low concentration
or physical or chemical characteristics.

0 Your hazardous waste is handled, processed or
disposed of pursuant to regulations of another
governmental agency.

As a result of a preliminary review of your variance request, the
Department of Health Services finds that your facility may be eligible
for a variance. The variance will be acted on within one year from the
date of this letter. Until such time as a variance is acted upon you
may continue to operate under the Interim Status Document and do not
need to submit the Operation Plan.

Should you have any questions please contact Blake Spears at (415)540-2043.

Sincegely,

Charles A. WVhite, P.E.

Regional Administrator

. . North Coast Regiom

= , Hazardous Waste Management Branch

cc: Greg Cummings , ) P -
Cummings Environmental . é,,&l; # 57



Dear lin,/lilz.

'/,/5,

April 18, 1983

The following 4o a variance requeot for Zeta Lals Inc. of
Santa Clara. Zeta Labx {0 not a waoste <iorage or treatment facility,

ut rather a waste generatonr.

Zeta excepts no off oite waste, it ie not a disposal osite, 4t
does no treatment lLeyond simple newtralization, and ite' wasteo are

renoved within ninty days.

Reospectiully
R
Greg Cummingo '
Presdident
Cumminges Environmental

Zeta Lale Ince




e ’ ~.
RIQUEST TOR pAZARDOUS WASTE PACILLITY TERMLT VARLANCE

California Repartment of Health Scervices

Hazardous Waste Mrnagement Branch

I would l'¥e to roquest a varlaace from the llazardous Waste Facility
Permit requiresionts of the Califeornia State Department of Health Sarvices.

I am requesting a variance for the following type of facilicty:
(X ) Ccntainer storage
( } Tank storage

( ) 1located above ground

( ) 1located below ground

( ) A totally enclosed treatment facility.
( X ) An clementary neutralization unit.
(X ) A facility that discharges directly to a POTW.

() Cther (specify) )

This facility is owr:ed/operated by <Zeta Laloratories, Inc.

and is locatad =zt 3265 Scott Blvd., Santa Clara, Ca. 950517

I am basing my request for a variaucc on the following cliecked (X) sections
of Title 22, CTaliforinia Administrative Code:

( ) 66310(a)(1) 7The harzardcus waste at my facility 1s insignificanr
as a potential hazard to humans, domestic livestock

or wildliife because of 1its:
( ) small quantity;
{ ) low concentration; and/or

by

{ ) physical or chemical characteristics.

(X) 66310{a)(2) 1he hazardous waste at my facility is handled, processed
or disposed of pursuant to recgulations of another gzovern-

mental agency:
My firm is regulatel by the following agency: _ DOT , EPR, City of Santa

—Clara (Santa Clara Co. Hazardoue foterigls Oxd.) . —

A copy of the applicable permit is attached.




I am attaching information and drawings as outlined In Attachimeonc A in
support of this variance request. For any facilities involvingy under-
grcund tanks, I have attached information on a proposed groundwater
moaitoring program as outlined in Attachment B,

I understand that any variance from the Hazardous Waste Facility Permit
requirerents of the Department of Health Services, 1if granted, does not
exempt my firm from any other applicable laws and regulations governing
the management of hazardous wastes. N

I certify that 2ll information submitted with regards to this variance
request is true, accurate and complete.

(Applicant, Typed cr Priat)

_2LQ._Bax,202317~San_304¢r_CaLi¢.
(Mailing Address

Presdident/Cummings Envirgnmental: foa__Zeia Lalis

(Title)

408-252~8372

(Teleptcrie Number)

April 18, 1983 VR

(Pate) Interim Status Document No.

If Applicable



a) ypes, 55 gallon drums, recently emptied virgin chemical
containers.
containers are metal or polyethylene and are the

ostandard 55 gadlon containers used {for chemical
ohipment.

U) oecondaay containment: Zeta Labe hao just received a ULid
lor 31,463.00 in order 2o provide a« lLerm (oecondary
containment) arcund ite’' hazardous chemical storage

ared.

c) adjacent property lines, +the chamical otorage area 4o 87 feet
fron one property Line and 39 feet form the other
adjacent property Line.

2. daste Characteriagtion

a)Deoxidizer #3— disulfant of sodium Alodine 7200- chromic acid
Uifluoride ol potassium nitric acid

2 dwums per year
Tinpooit Lt-26- HCL
carlioylic acid kelate
thiourea
710 dwume per year
etchant~ ferric chloride
HC

U) volume- spent chemicale are placed in 55 gallon drume,
there 40 no prollem with deosign capacity and
average capacity.
dwme are placed in a hazaradous materials area
with a capacity large enough to contain the daume
until shipment to chemical dispooeal area.



3.

U) otorage area is designed to contain alout 30 drwums, more
capacity than Zeta lals produces 4in a year. Jith spent
chemical shipments every 60 to 75 days there would seldom
bLe more than 6 drwums in this storage area.

i) opent chemicale are compatilile with containers as spent

chemicale are placed in x-virgin chemical containers.

Process

a) osource- opent deoxidijer, tinpoeit, spent nickelbath, and

opent Alodine 7200 are all generated Zrom platting
processed,

ospent ferric chloride etchant ie from an etching
process.

4) handling methodas(generating to etorage): spent laths are

pumped 4into 55 gallon drume and then moved o

spent chemical otorage area.

(otorage to disposal): 55 gallon drwums containing
opent chemicales are removed {from ithe opent chemical
ostorage area to the dump oite y & L. Scott Ent. Inc.
dba Wira~Chen.

c) uwltimate diepoeition- opent chemicals are taken io the Xettleman
Hillo chemical dump iy UWtra-Chem(waste
haulers).

Operational Procedures-

a) odite security— spent chemical area ie clearly sdigned, {fenced,
and locked. It can le 4ecen from 4 rear doore
0f the facility, the employee parking loi, and
io acceoosille at all timeo to police patrod
vehiclee.

U) personnel oalety~- training-employees receive on the jol training
as wedl as direct guidence Iy supervioore 4n
the handling of opent chemicalse.

personnel oafety- employees are provided with



U) pernsonnel safety- (cont.) OSHA required protective geanr.
And an emergency opill procedure has also
leen prepared and posted to guide employees

in case of an accidental opill.
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Neutralization Sump-

As indicated by the following facilities layout, the 55
gallon neutraldization oump 40 a poldyethylene tank encaded 4in
concrete (see drawing) which diechargea directly to POTA,

The tank 4o luried in the middle of the machine shop,
backing againet a wall on the other sdide of which ie the omall
platting facility.

Our proposal 46 to close thie oump, LLLL it with concrele
and conetuct a new neutralization tank ocutedide the luilding, alove
the ground, and doulle contmined..
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97000 «-ries Neutralization and wuution Tanks

These are Feavy-duty tanks, built to withstand
the hezt of neutralization and the corrosive attack
of acids anc aikalies. They are molded in one
piece from v.rgin polyethylene, ard are inexpen-
sive, unbrezkable and easy toinstall.

Triple-w2'Jed {iitings are molded from the
same high ¢c-ad2 resins as the tanks. A complete
se!action ¢f inle! and outlet adapters permit
connechon 1T any piping malerial. Inlet and outlet
will beinsiz' 2d a' prices indicated below and in
pes.tions s~ Swn in drawings unless otherwise
soecified. Frices ioriniets and outlets arein
adcitionto iank price.

Inrexpensive limestone or marble chunks are
used in the ~autraiization tanks. Successful
nectralization involves the resolution of many

factors, including flow rate, volume, compasition
and temperature of effluent, amoun! of time
exposed lo limestone, surface area of limestone.

If burial is necessary, it shou!d be done
according to instructions from project
engineers or architects.

Neutralization tank extensions are available.
Call our Sales Depanment for prices and
specifications.

NOTE: Since effective neutralization is a complex
process, Nalge Company recommends the
employment of professional assistance to analyze
the effluent, recommend appropriate equipment
and prescribe necessary maintenance services
before ordering neutralization tanks.

97000 Black Conventional Polyethylene Neutralization and Dilution Tanks

e Coniinuous service 10 140°F; intermittent to 180°F

 Ocen-top c2sign with heavy-gauge boli-down cover,

nacoprene gaskel 2nd stainless steel nuts, bolts and
washers furnshed
» £leven diffe-ent sizes—5 10 1200 gallons

« 1200 gallon tank furnished with steel-banded
wooden girdle for exira strength.

¢ Inlets and outlets are priced separately (See
chart below)

Size Code 0005 0095 0030 -pOS5  -0100 0150 0200 0250 0350  -0500  -1200
Cap., gal. ] 1§ 30 55 100 150 200 250 350 500 1200
Dimension A, in. 16 15 27 33 42 46 46 44 46 60 84
Dimension B, in. 10 18 18 22 28 3l 36 42 48 52 69
Dimension C, in. 12 10 22 27 36 38 38 36 38 52 12
Dimension 0, in. 2 2 3 3 4 6 6 ) 6 6 8
Apprex. wall
thickness, in. X X, ) X, % 1A JA A A 24 %
Usable volume,
cu. ft. 0.58 1.33 3.06 534 1200 1597 2083 2651 3652 61.05 14924
Max. inlet &
outlet, in. 2 3 3 4 4 4 6 6 6 6 6
97000 Tanks, '
Price, each** $£115.00 $164.00 $186.00 $233.00 $331.00 $447.00 $497.00 $683.00 $737.00 $1323.00 $3494.00
**Price inciucdes :ank, cover. nuis, bolts and gaske: only. Inle's and outlets sre priced separately below.
97100 Black Linear Polyethylene Size Code 0055 -0100 -0250
Neutralization and Cap., gal. 55 100 250
Dilution Tanks Dimension A, in. 37 46 50
* Continuous service to 180°F; Dimension B, in. 22 28 42
intermittent to 212°F Dimension C, in. 27 36 36
* Closed-top cesign with cover, Dimension D, in. 3 4. [
gaske! and siainiess steel V-band Dimension £, in. 18 18 18
e Threesizes—55, 100 and 250 galion  Approx. wall thickness, in. e % %
» Excellent chemical, impact and Usable volume, cu. ft. 5.0 11.5 250

Max. inlet & outlet, in. 4 4 6
97100 Tanks, Price, each® $136.00 $162.00

°*Price includes tank, cover and V-band only.
Iniets and outlets are priced sedarately below.

2brasion resistance

Inlets and Outlets

To determine the total price of the complete
neutralization tank, add the price of each inlet

includes connecting adapter, elbows and dip
pipe. i a vent is required, order any outlet listed

and outlet required to the price of the tank. Intet in the chart.
|
Pipe connections consist
¢! plain nipple and —"—‘al Y
irsialled haif courling ;
far field assembly. 3 E
Y .y 4 L ] -’
Flangs (drilled to NPT female threads Mschanical joint to Plain end pipe
Pipe 150 1b. ASA) to male IPS threads hi-silicon iron pipe connections 127 long NPT threads
Size Size, 96401 F* 93400 93840 Fe 93840 96804 F* 96800 92800 F* 92801 96857 F* 93857
ode in. Inlet in. Outlet Inlet in. Outlet Inlet in, Outlet Inlet in. Outlet Inlet in, Oqtl_e_t
J159 134 | $5800 &' 35800 | $20.00 12§ £3000 | $43.00 1} $33.00 | $3400 1!; S1900 | £39.00 23; $22.00
-0200 2 7800 &Y 67.00 800 1% 36.00 5400 14 43.00 4200 1% 20.00 46.00 23 2300
-0300 3 11400 4 76.00 7400 2% 64.00 80.00 24 67.00 6700 2% 23.00 7400 24 25.00
002 4 13300 62, 87.03 9500 2% 80.00 | 10100 2 87.00 83.00 % 29.00 9100 2% 31.00
£59¢ 6 191.00 64 98.00 - —_ — — — — { 104.00 —_ 75.00 — — -
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Zeta Lals is not a hazardous waete facility 4te' a hazardous
waste generator. It hae Liled with the £PA and a copy of the ap-

plication {odlows,



wgeoaced forelite t,oe, . e 12z aracters.inch). Form Azoroved OAE No. 158 SS0004

A} U~ "TNVIRONMENTAL PROTECTION AGENCY l EP‘ ID \L\IBER ==
3 Vg ) EPA HAZA JUS WASTE PERMIT APPLICATIC ] ]5-.._..‘_&
Y- . Consolidated Permits Program
A This i~ ‘ormction is ~quired under Secrion 3075 of RCRA. ) !:: C‘ A D 0 4 9 2 3 3 7 ]O r
CUFFICIALUSEONLY @ . = "3 T e T e e :;'\—_:;_ T
I R R CommenTs

#n X" 1n the appropriate box :n A or B below /marA' one box only} to nd»cau- whetner this is the first apphcatlon you are submitting for your fac Iy ¢
- ioplication. [f thisis your first applicat.on and you already know your faciity’s EPA | D. Number, or if this is a revised application, enter your fac !ty
D Number n |tem | above.

¢ . - ST APPLICATION (pixce cn "X’ beélou and provide the appropriate date)

T EXISTING FACILITY (5-. .~<t-ur .ons for definit.on of “caisting” facility X‘z.nzw FACILITY (Compicti ite=~t be . -
- picte item belou .y ' FOR NEW FACILIT)
- A
- e Ty oav] FOR EXISTING FACILITIES, PROVIDE THE DATE (yr, mo.. & day) v, -o. DAY {',,.,o,\,ll:.,ot‘.za;.: %,Z
rr ] OPERATION BEGAN OR THE ODATE CONSTRUCTION COMMENCED 7]7 0T3 Oll TION BEGAN OR 1S
< {use the boxes to the left) EXPECTED TO REG
~ = 7 78 I .
F -ZEVISED APPLICATI ON (place cn "X " belou and complete Itcm [ abote)
__ 1. FACILITY HAS INTERIM STATUS Dz. FACILITY HAS A RCRA PERMIT
T

1 PR-OCESSES — CODES AND DESIGN CAPACITIES

& FRGCESS CODE - Enter the code from the list of process codes below that best describes each process to be used at the facility. Ten lines are prov-déd fo
.~1z* ng codes. If more lines are needed, enter the codefs) in the space provided. If 3 process will be used that is not included in the list of codes beiov., the
52 1ne process fincluding ity cesign cazacity) in the space provided on the form (/tem 111-C).

e

2ROCESS DESIGN CAPACITY — For each code entared in column A enter the capacity of the process.
©. ASDUNT — Enter the amount.
2. UNIT OF MEASURE — For each amount entered in column B(1), enter the code from the list of unit measure codes beiow that describes the unit of
measure used. Only the units of measure that are listed below should be used.

PRO- APPROPRIATE UNITS OF PRO- APPROPRIATE UNITS OF
CESS MEASURE FOR PROCESS CESS MEASURE FOR PROCESS
—_—PROCESS ~~~~~~~ CODE ____DESIGN CAPACITY
Storage: Treatment:
CONTAINER (barrel, drum, ¢tc.) S01 GALLONS OR LITERS TANK TO! GALLONS PER DAY OR
TANK S02 GALLONS OR LITERS LITERS PER DAY
“wASTEK PILE $03 CUBIC YARDS OR SURFACE IMPOUNOMENT TO2 GALLONS PER DAY OR
CUBIC METERS LITERS PER DAY
SURFACE IMPOUNDMENT $04 GALLONS OR LITERS INCINERATOR TO3 TONS PER HOUR OR

. METRIC TONS PER HOUR:

i H GALLONS PER HOUR OR
\NJECTION WELL D79 GALLONS OR LITERS LITERS PER HOUR
LANDPILL D80 ACRE-FEET (the volume that orHER (Use for -lcul ehcmncal. T04 GALLONS PER DAY OR

would cover one acre to s thermal or biolo, J tment LITERS PER DAY
depth of one foot) OR processes not occurring ln tanks,
HECTARE-METER surface impoundments or inciner
LAND APPLICATION . D81 ACRES OR HECTARKS ators. Describe the processes in
OCEAN DISPOSAL D82 GALLONS PER DAY OR the spoce provided; Item III-C.)
LITERS PER DAY
SURFACE IMPOUNDMENT D83 GALLONS OR LITERS
UNIT OF UNIT OF UNIT Of
MEASURE MEASURE MEASUR
UNIT OF MEASURE CODE UNIT OF MEASURE CODE UNIT OF MEASURE CODE
GALLONS. . .. . ... ....00.... G LITERSPER DAY . . . . .. ... .... v ACRE-FEET. . . . . .. oot v un o A
LITERS . . ., .. ... ... [N TONSPERMHOUR . . . ... ....... -} HECTARE-METER. . . ... ....... F
CUBICYARDS. . . .. .......... L 4 METRIC TONS PER HOUR. . . . . . . . w ACRES. . o o vt v ottt va e ]
CUBICMETERS . .. ........... c GALLONSPERHOUR . ... . ... .. [ HMECTARES . . . ... ....000.... Q
GALLONSPERDAY . ... ....... v LITERSPER HOUR . . . ... ... ... ]

EXAMPLE FOR COMPLETING ITEM ) {shown in line numbers X-1 and X-2 below): A facility has two storage tanks, one tank can hold 200 gslions and the
other can hold 400 galions. The facility also has an incinsrator that can burn up to 20 gailons per hour.

q____our HNNINNNNNINNNNNNN NN
EF{::S,O' 8. FROCESS DESIGN :APACIT:UNIT _ron § x.rR0- B. PROCESS DESIGN CAPAcrr:u"” _ron
x-1[5[o 500 Vel [T TIT ' ' 1]
X-3T7|0|3 20 E 6

115[0f1 G 7

] 8

3 9

4 10

EPA Form 3510-3 {6-80) PAGE | OF S CONTINUE ON REVER!



Con: nued from page 2.

SWOTE “~rotocopy this page before completing if y e more than 26 wastes to list Form Approved OM8 No. 158 -S80004
L EPA I D. NUMBER (¢nter from page 1) \ FOR OFFICIAL US - 4 \
D ial € .7 s Tl e
wlclalplofe[o]2[3[3]5[70[" Ty \ W DUP 5] pup A \ \
. ] - i3] re 18 . E] - 13| va ts 13 - 18
““ DESCRIPTION OF HAZARDOUS WASTES /connnued! b o oo s o o o o o i gime o o o
A. EPA C.UNIT D. PROCESSES '
W IHAZARD.| B. ESTIMATED ANNUAL [OFMEA-
Z0o WASTENO{ QUANTITY OF WASTE fenter 1. PROCESS CODES 2. PROCESS DESCRIPTION
32 | fenter code) code) {enter) {if @ code is not entered in D(1))
LX2 - s 1 &L - I_‘_‘ 7 - » .'I'T“ l1, -'B ",- e
1 [F|o]o 1200 G| (501
T T T T
5
- IFI0j0j2 10 G| [501
L L T T T T T T
3 |Flolo]3 500 ¢l [501
T T T T T T
4
F|0]1]5 15 G| [501
T T T LE
5
F{0[0|5 30 G| [S01
L I RN T T T
6
) gt | T—T TT T
7
LI T T T
8
| B | LI L LR )
9
¥ 1 T T T T T T
10
T T T T
11
) T TT Lo T
12
7 ™7 T Y
13
T 7 T ! LI | T T
14
T T 7 T—T LB
15
T 1 LY L T 7
16
T 7 T T T TT
17
T T TF TT
18
L ] LR ) T3 T 7
19
T 1 LI T T T 3
20
T T T T T T T
21
LI LI L |
22
LI | (S | T T T
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IV DESCRIPIION OF HAZARDOULS WAST ™7 -0 oniinue I 9 . s :
_——— R . _.- e omAb et i " PO SRS R U RS P e e S—
E USE T:HIS SPACE TO LIST ADODITION, tOCESS CODES FROM ITEM D{1} ONP 3.

EPA t.D. NO. (cnter from poge 1)

rCA004923357o“g

\lPHOTOGRAPH E LA

All existing facilities must nnclude photographs {aerlal or ground-level} that clearly delmeate all exustmg structures; existing storage,
_treatment and disposal areas; and sites of future storage, treatment or dasposal areas (see mstrucnons for more deta:l)

LATITUDE (degrees, minutes, & ucond.n) LONGITUDE (degreu, mmuln. & ucondn

31711212{105 2 11211((5|8]|0|3|0

7R = 7. 73 76 k2 I, ]
VIII. FACILITY OWNER ' : 3

E A. tf the facility owner is also the facility operator as listed in Section VIl on Form 1, “General Information”, place an X" in the box 10 the left and
skip to Section IX beiow.

B. If the facility owner is not the facility operator as listed in Section VIl on Form 1, complete the foliowing items:
1. NAME OF FACILITY'S LEGAL OWNERN 2. PHONE NO. (area code & no.)

=

E

1% 18 hd : ) - 28 99 - [ 1] [ }] - (1]

3. STREET OR P.O. BOX 4.CITY OR TOWN sS.ST. 6. ZI1P CODE

<4 =

El G

] 15 4 el a9 ] a4y - A
IX. OWNER CERTIFICATION - :

! certify under penalty of law that | have personally examined and am familiar with the information submitted in this and all attached
documents, and that based on my inquiry of those individuals immediately responsible for obtaining the information, | believe that the

submitted information is true, accurate, and complete. | am aware that there are significant penalties for submitting false information,
including the possibility of fine and imprisonment.

A. NAME (print or type)

Larry J. Ballard
X. OPERATOR CERTIFICATION

.SIGNATURE C. DATE SIGNED

2-2-81

I certify under penalty of law that | have persona/ly exammed and am familiar with the information submmed n thls and a/l artached
.ments, and that based on my inquiry of those individuals immediatsly responsible for obtaining the information, | believe that the

s.omitied information is true, accurate, and complete. | am 3ware that there are significant penalties for submitting false information,

mcluding the possibility of fine and imprisonment.

A. NAME (print or type)

0. SIGNATURE C DATE SIGNED

Larry J.Ballard ,;{;2,{£ZQZZ;,/47 2-2-81

.PA Form 3510-3 (6-80) PAGE 4 OF § CONTINUE ON PAGE S
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- - AC! FOR ‘DDITIONAL PROCESS CODES ‘OR DESCRIBING OTHER PaOCESSES’COd? J. FOR EACH PROCESS ENTERED NERE
/~CLUDE DESIGN CAPACITY. 3 _

IV. DESCRIPTION OF HAZARDOUS WASTES 3 o
A. EPA HAZARDOUS WASTE NUMBE nter the four—agit numDer rom 40_CFR Suooart D Tor each hsted hazaroous waste you il hanoue T you

handle hazardous wastes which are not hstod in 40 CFR, Subpart D, enter the four—digit number(s) from 40 CFR, Subpart C that describes the characteris-
tics and/or the toxic contaminants of those hazardous wastes.

B. ESTIMATED ANNUAL QUANTITY — For each listed wasts entered in column A estimate the quantity of that waste that will be handied on an annual
basis. For each characteristic or toxic contaminant entered in column A estimate the total annual quantity of all the non—listed waste(s) that will be handled
which possess that characteristic or contaminant.

C. UNIT OF MEASURE — For each quantity entered in column B enter the unit of measure code. Units of measure which must be used and the appropriate

codes are:
ENGLISHUNITOF MEASURE =~ = CODE METRIC UNIT OF MEASURE CODnE
POUNDS. . -« s ot o v o6 o o s o e s s o v oauaa » MILOGRAME . . . o . - c v v vt s o enooneonas x
) TONSE. . . .t sttt n e et b 4 METRIC TONS . . . . .ttt s s o m oo aronmaenn ]

It facility records use any other unit of measure for quantity, the units of measure must be converted into one of the required units of measure taking into
account the appropriate density or specific gravity of the waste.

D. PROCESSES
1. PROCESS CODES:

For listed hazardous waste: For each listed hazardous wasts sntered in column A select the codefs/ from the list of process codes contained in Item IH
to indicate how the waste will be stored, treated, snd/or disposed of st the facility.
For non—listed hazardous wastes: For each characteristic or toxic contaminant entered in column A, select the codefs) from the list of process codes
contained in Item [l to indicate all the processes that will be used to store, treat, and/or dispose of all the non—listed hazardous wastes that possess
that characteristic or toxic contaminant.
Note: Four spaces are provided for sntering process codes. If more are needed: (1) Enter the first three as described above; (2) Enter “000” in the
extreme right box of item IV-D(1); and {3) Enter in the space provided on page 4, the line number and the additional codefs).

2. PROCESS DESCRIPTION: If a code is not listed for a process that will be used, describe the process in the space provided on the form.

{0TE: HAZARDOUS WASTES DESCRIBED BY MORE THAN ONE EPA MAZARDOUS WASTE NUMBER — Hazardous wastes that can be described by
nore than one EPA Hazardous Waste Number shait be described on the form as follows:
1. Select one of the EPA Hazardous Waste Numbers and enter it in column A. On the same line complete columns B,C, and D by estimating the total annual
* quantity of the waste and describing sll the processes to be used to treat, store, and/or dispose of the waste.
2. In column A of the next line snter the other EPA Hazardous Waste Number that csn be used to describe the wasts. In column D(2} on that line enter
included with above” and make no other entries on that line.
3. Repeat step 2 for each other EPA Hazardous Waste Number that can be used to describe the hazardous waste.

EXAMPLE FOR COMPLETING ITEM IV (shown in line numbers X-1, X-2, X-3, and X-4 below} — A facility will treat and d'spose of an estimated 800 pounds
per year of chrome shavings from leather tanning and finishing operation. In addition, the facility will treat and dnspoa of three non—{isted wastes. Two wastes
are corrosive only and there will be an estimated 200 pounds per year of each wasts. The other wasts is corrosive and ignitable and there will be an estimated
100 pounds per year of that waste. Treatment will be in an incinerator and disposa! will be in a landfill,

A. EPA c.uNIT D. PROCESSES

g y VC'AASZTAERN% B AN T O A O:UM.K'A 1. PROCESS CODIES PROCESS DESCRIPTION

jg (enter code) QUANTITY OF WASTE 2':4‘:; ) (entar) llfn code is not entered in D(1))
LI § | I | T T 7

X-11K|0|5]|4 200 Pl |ITO3D8O
Tl LS T T T 1

,‘10002 400 P T 03D8Y
T T T T -]

X-3|D}|0oj0 1 100 Pl |\T 0O 3|D&O

* L 1 T~ T T T
xXaiDlio|ol2 included with above

P +m 3510-3 (6-80) PARFE 2 OF & CONTINUE ON PAGE 3



/
STATE OF CALIFORNIA—HFALTH AND WELFA ’ch , GEORGE DEUKMEJIAN, Governor

DEPARTMENT OF HEALTH SERVICES ' %

215) BERKELEY WAY
BERKELEY, CA 94704 '

(415) 540-2043

June 4, 1984

Mr. Dick Smith

Zeta Laboratories

3265 Scott Boulevard

Santa Clzra, California 95051

Dear Mr. Smith:

On May 22, 1984 Judy Steenhoven of my staff visited your hazardous
waste facility. The purpose of this visit was to inspect the facility
for compliance with hazardous waste generator requirements and to
review your wastewater neutralization unit for eligibility to receive
a variance from permit requirements.

At the time of inspection it appeared that your facility was in
compliance with all applicable generator requirements, however you and
your consultants, Messrs. John Schultz and Michael Gottsegen of

Cummings Environmental, indicated that you intend to reconstruet the
container storage area for improved access and containment of the stored
materials, as well as replace your existing underground neutralization
unit. In order for the Department of Healch Services to consider
issuing a variance from hazardous waste treatment facility permit condi-
tions, the existing neutralization system must be modified to add a
leak detection (groundwater monitoring) system, or an new inspectable
system must be installed to replace the existing system.

Please submit a letter to this office by June 22, 1934 indicating
improvements to the container storage area. Also resubmit the variance
application for the wastewater neutralization unit when the new or
modified system has been designed. The Department will further comnsider
issuance of the variance upon receipt of this application.

Should you have any questions regarding this matter please contact
Judy Steenhoven at (415) 540-3179.

Sincerely,

Dwight R{ Hoenig, Chief —

Toxic Substances Control Division
North Coast Califormia Section

cc: John Schultz
Cummings Environmental

Michael Gottsegen

Cummings Environmental
o499




STATE OF CALIFORNIA—HEALTH AND WELFAF SENCY

DEPARTMENT OF et WNICES

2151 BERKELEY WAY
BERKELEY, CA 94704

GEORGE DEUXMEJIAN, Governor

September 20, 1985

Rhonda Brown

Manager of Operation Services
Zeta Laboratories, Inc.

3265 Scott Blvd.

Santa Clara, CA 95051

VARIANCE DETERMINATION
CAD 049233570

This is to confirm our conversation of September 16,
regarding your variance request of May 1983.

Pending review of construction plans for your proposed
neutralization unit, including secondary containment, we
must deny your variance request.

A final statement of your intentions is requested by this
Department by October 30, 1985. Should you request a
variance, all items of Title 22, of the California .
Administrative Code, Section 66310 are requested by said
date. Of particular interest are &4 description of the
waste, including its quantity, physical state, composition,
source and production rate.

If you have any questions regarding this matter, please call
me at (415)540-3342. :

Sincerely,

Wbt

Walter Bahm

Waste Management Engineer
Toxic Substances Control
Division

North Coast California Section

WB/nt

b b



SUZANNE MAIONCHI
ENUIRONNRENTAL CONSULTANT

16620 BOHLMAN ROAD
SARATOGA , CALIFORNIA 95070
TELEPHONE (408) 867-7276

June 10, 1987

Bob Campbell

Santa Clara Fire Department
777 Benton Street

Santa Clara, CA 95050

RE: Closure of Zeta laboratories
3265 Scott Blvd ‘

Dear Bob Campbell:

This letter is to inform you that Zeta Laboratories will be moving from 3265
Scott Blvd to San Jose. Reefe Associates, the building owner, will be taking
possession of the facility on July 15.

Zeta Laboratories is a manufacture of microwave components. The facility has

a small printed circuit board shop and waste treatment system which will not
resume operation after the move. There are no wet floors or underground tanks
at the facility (an underground neutralization sump was removed in 1986,
permit number P86-72).

The following ieiiane are being taken to insure there will be no residual
contaminates before closure of the facility:

1) Painte-end new chemicals sealed in their original containers, will
be transported to the new facility. S

el

' ‘,'.‘53,( PR

Ye .-

2) -All Other chenicele will be sent to & 11censed Treetnent Storage
and Diepoeal Fecility.~r L D )

3) The hazerdoue materials etorege areas will be steam cleaned by a
company specialized in remeadial action.

2o S



4) Piping from the plating tanks to the treatment system, and exhaust
ducting from the plating and treatment tanks will be disposed of as
class one waste.

5) The waste treatment system and plating tanks, and their secondary
containment trays, will be triple rinsed and/or steam cleaned to
remove any contamination. These will be put into storage at the new
facility or sold to a plating shop.

6) All water generated during steam cleaning and triple rinsing u111 be .
collected and disposed of as a class ] waste. ;

All work will be done with the appropriate safety precautions, including
personal protective gear. Copies of the hazardous waste manifests will be
forwarded to your office at the conclusion of the work.

If you have any questions or comments you can.contact me at 867-7276 or
Chuck Coady at Zets Laboratories at 727-6002 or 434-3600.

Sincerely, .
o \
‘:::\:::~\\__. — .

Suzanne ﬁiionchi
Environmental Consultaat




ZETA LABORATORIES, INC.
A A Subsidiary of CCT Corp.
3265 Scott Bivd.

Santa Clara, CA 95054
(408) 727-6001 TWX 810-338-7336

July 30, 1987

The City of Santa Clara Fire Dept.
Robert Campbell

Chemical Specialist

777 Benton Street

Santa Clara, CA 95050

Re: Closure of Facility; 3265 Scott Blvd., Sénta Claraf-
Bob;

Thank you for taking the time to visit Zeta's former
facility at 3265 Scott Boulevard to confirm that all

of the action items stated in our closure plan, dated
June 10, 1987 were completed.

Sincerely,

ck Coady
Facilities Manager

cc: S.L. Dunn - RReef _
S. Miller - Env. Consultant

jrh/CC



ZETA LABORATORIES, INC

CONTINGENCY PLAN

The Contingency Plan contains actions for personnel in case
of fire, explosion, or unplanned release of hazardous wastes
or hazardous materials to air, soil, or surface water. The

provisions in this plan are to be carried out immediately in

such a situation.

Prepared by: Suzanne Maionchi

Environmental Consultant

Ry # 49



WASTE ANALYSIS PLAN

SOURCE OF WASTES

Zeta Laboratories is a manufacturer of microwave components and printed
circuit boards. Chemical wastes are generated from plating and cleaning
operations. Two types of wastes are generated from these processes; 1)
spent chemical baths, which are waste hauled; and 2) rinse waters
containing dilute amounts of these chemicals, which are pretreated before
discharge to the local POTW. In addition, paint sludges and waste thinners

are generated from painting operations.

WASTEWATER TO BE TREATED

Wastewater from the plating processes is generated when parts are rinsed
after emersion in a chemical bath. The rinse waters are dilute solutions
containing some metals in a total concentration of approximately 5-100 ppm.
The rinse water from this process is hard plumbed to the treatment system.
In this manner there is strict control of the influent to the treatment
system, only materials plumbed to the system will be treated. In the new
treatment system, rinse waters from cyanide containing tanks will be piped
to a cyanide treatment tank before transfer to the metal precipitation tank
of the treatment system. Rinse water from chromium beariné solutions will
first go to a chromium reduction tank, before the metal precipitation
tank.

Analysis of the wastewater will be carried out on the effluent from the
treatment system. Since the wastewater is to be discharged to the POTIW, the
characteristics of the effluent are important. Analysis of the effluent
will give information on the proper functioning of the treatment system, as
well as signaling a change in wastewater influent characteristics. The
measurement of the effluent is thus more efficient. The components of the
waste stream are known from manufactures data on the chemical baths. The

parameters of concern are the concentration of metals, cyanide, and the pH.



The following parameters will be monitored monthly:

pH
Cyanide
Copper
Chromium
Lead

Zinc

The analysis is carried out by a certified laboratory, using EPA methods or
the equivalent. Sampling is done at the point of discharge, using an acid
washed polyethylene or glass container.

In addition to the monthly analysis, an in-house analysis is performed at
least weekly. The parameters mearsured are pH, copper, chromium, and
cyanide. Hach test kits and pH paper are used for the analysis.

A increase in the concentration of metals or cyanide indicates improper
functioning of the treatment system or an increase in the concentration of
the influent. Any concentration over one half of the concentration allowed
by the POIW, is noted. At this point the treatment system is inspected for
malfunctions and the wastewater generation process is reveiwed. If the
concentrations have exceeded the allowable limits, the wastewater discharge

is stopped, until the problem has been found and corrected.

Maximuim Allowable "Flagged"
Parameter Discharge mg/1 Concentration
Copper 2.7 1.3
Chromium 1.0 0.5
Zinc 2.6 1.3
Lead 0.4 0.2
Cyanide 1.0 0.5



WASTE TO BE DISPOSED OF OFFSITE

Chemical baths and stagnant rinses are periodically replaced. The spent
baths and rinses are pumped to a 55 gallon polyethylene drum. Waste paints
and thinners are transfered to a metal 55 gallon drum as they are
generated. Drums are kept segregated in an outdoor chemical storage area

for less than 90 days.

Wastes, other than the treated rinse waters, are collected by a licensed
waste hauler and brought to a permitted treatment, storage, and disposal
company. Wastes are disposed of by Solvent Service Inc., Ultra-Chem, or
Chemical Waste Management Inc.. The ultimate disposition of the waste is at
the class one disposal sites of CWMI Kettleman Hills, or Casmalia
Resources. Waste thinners and paints may be reclaimed by Solvent Service or
Ultra-Chem.

The types of chemicals in the waste streams are known from the manufactures
data on the new product, since the processes do not alter the chemical
composition of the wastes, other than changing the concentrations and

adding contaminates.

Unless a process changes, a waste analysis will be performed only once
yearly on each waste stream type. The analysis will be done by an outside
certified laboratory. EPA methods, or the equivalent will be used. Sampling
will be through the bung hole of the drum. A coliwasa, or eguivalent type
sampler will be used, in order to get a vertical sample through the extent
of the drum. The parameters measured follow:

PLATING WASTE SOLVENT WASTE

pH Flash point

Copper Total Organic Halogen
Chromium Percent Water
Fluorides

Lead



The parameters are chosen to verify the waste stream, determine the
concentration of restricted material and the recycle value of the solvent
waste, and to indicate changes in the waste stream. If a waste stream has
changed, the offsite disposal company will be notified, to assure that they
can still accept the waste If the disposal site or the recycler requires
additional information in order to store, treat or dispose of the waste,

the appropriate analysis will be performed.

o



J )

PROCESS

SOURCE OF WASTES
Zeta Laboratories is a manufacturer of microwave components
and printed circuit boards. Chemical wastes are generated from
plating and cleaning operations. Two types of wastes are
generated from these processes; 1) spent chemical baths, which
are waste hauled; and 2) rinse waters containing dilute
amounts of these chemicals, which are pretreated before
discharge to the local POIW. In addition, paint sludges and

waste thinners are generated from painting operations.

Zeta Laboratories is planning to expand its waste generating
processes as is shown on the following page. Before these
processes are added a new pre-treatment system will be
installed. Process flow diagrams are shown on pages 3-9. All

processes have a double containment system.

HANDLING METHODS
Wastewater from individual processes is hard plumbed to the
wastewater treatment system or the municipal sewer, as
indicated on the flow diagrams. The effluent from the

treatment system is hard plumbed to the municipal sewer.

Chemical baths and stagnant rinses are periodically replaced.
The spent baths and rinses are pumped to a 55 gallon
polyethylene drum. Waste paints and thinners are transfered

to metal 55 gallon drums as they are generated. Drums are kept
in the outdoor chemical storage area for less than 90 days.

ULTIMATE DISPOSITION
Wastes, other than the treated rinse waters, are collected
by a licensed waste hauler and brought to a permitted
treatment, storage, and disposal company. Wastes are disposed
of by Solvent Service Inc., Ultra-Chem, or Chemical Waste
Management Inc.. The ultimate disposition of the waste is
at the class one disposal sites of CWMI Kettleman Hills, or
Casmalia Resources. Waste thinners and paints may be reclaimed
by Solvent Service or Ultra-Chem.




OPERATIONAL PROCEDURES

SITE SECURITY
The facility is guarded during all non-business hours. The
chemical storage area is fenced and kept locked. It is easily
accessible to the fire and police departments. NFPA, no smoking,
and hazardous waste warning signs are posted outside the
storage area. Areas using or storing chemicals are inspected
five days per week.

PERSONNEL SAFTEY
Employees receive on the job training as well as guidence
by supervisors in the handling of chemicals. Material Safety
Data Sheets are reviewed by, and available to employees.
Personnel using chemicals are trained in the associated hazards
of their use, and in emergency procedures and action plans.
Employees are also instructed in proper chemical disposal

methods.

Chemical spills will be handled in accordance with the
recommended procedures on the Material Safety Data Sheet,
Protection gear is on hand for handling chemicals or for use

in an emergency situation.



. .

WASTE MONITORING SYSTEM
The area between the neutralization tank and the concrete
casing is not accessible for monitoring devices and cannot be
visually inspected. The interior of the tank is inspected
when the limestone is removed, on a monthly basis. The
neutralization tank should be removed in February, 1986. At this
time soil samples of the area surrounding the tank will be

taken and analyzed for contamination.

SITE HYDROGEOLOGY
This area characteristically has alluvial soils ranging from
sandy silts to silty clays. Ground water is usually shallow,
the first aquifer may be as shallow as a few feet deep. Ground

water may be used for drinking in this area.

Zeta Laboratories is registered with the EPA as a hazardous waste generator. A
copy of the application is attached.



WASTE CHARACTERIZATION

WASTE TYPE
Two types of wastes are generated at Zeta Laboratories; 1)
spent chemical baths and paint wastes, which are waste hauled;
and 2) rinse waters containing dilute amounts of chemicals, which
are pretreated before discharge to the local POTW. The
chemicals used in the baths are shown in the process diagrams.
Most of these chemicals are corrosive and contain heavy metals,
Cyanide waste is generated in the gold plating process.
This waste is segregated from the corrosive wastes. Flammable
paint wastes are also segregated from the corrosive wastes.
Wastes from treatment, currently consisting of used limestone
rocks, will be in the form of metal hydroxide sludge when the

proposed treatment system is in operation.

VOLUME
The chemical waste storage area is designed to contain 30 drums.
It usually holds no more than 15 drums. The approximate amount

of waste generated on an annual basis follows:

WASTE GAL/YEAR
Paint sludge and thinners 165
Spent alkalies 100
Spent acids 200
Spent plating baths 110
Cyanide wastes 40
Treatment Sludge 700

The neutralization system is presently treating a maximum of 1280
gallons of rinse water per day. The proposed treatment system

has a capacity of 4800 gallons per day. The expected volume of
rinse water that will be generated is 3620 gallons per day.

COMPATIBILITY WITH CONTAINERS
Wastes are kept in compatible containers. Corrosive
wastes and plating baths are pumped into polyethylene drums.

Flammable wastes are put into metal drums.



DESIGN OF WASTE STORAGE AREA

TYPES OF CONTAINERS
Waste is stored in 55 gallon drums which had recently contained
virgin material, Standard DOT approved drums are used.

CONSTRUCTION MATERIALS
The drums used for corrosive wastes are polyethylene. Metal
drums are used for flammable liquid storage. Secondary
containment consists of a concrete berm surrounding an asphalt
pad.

SECONDARY CONTAINMENT
The entire storage area is surrounded by a concrete berm.
The storage area is further segregated into corrosive,
flammable, and toxic storage areas by additional berming.
Additional spill control is provided by a drainage collection
sump. The berm and sump capacity is 110Z of 30 drums. No more
than 15 drums are usually stored at any time.

PROPERTY LINES
The chemical storage area is 87 feet from one property line

and 39 feet from the other adjacent property line.

DESIGN OF PRESENT WASTE TREATMENT SYSTEM

TYPES OF CONTAINERS
The present waste treatment system is an underground 55 gallon
neutralization sump which discharges directly to the POTW. Incoming
rinse waters are neutralized by limestone rocks. The tank is
approximatly 7 years old. Details are shown on the
following pages.

CONSTRUCTION MATERIALS
The neutralization tank is made of polyethylene. It is encased
in concrete.

SECONDARY CONTAINMENT
Secondary containment is provided by a concrete casing
around the polyethylene tank, although this does not allow
for monitoring between the two containers.

PROPERTY LINES
The neutralization tank is located inside the building (see
the attached plans).



DESIGN OF PROPOSED TREATMENT SYSTEM

TYPES OF CONTAINERS
The largest tank volume will be 350 gallons, the total tank volume
will be 890 gallons. The tanks will be new. Tank layout and
schematic drawings are attached.

CONSTRUCTION MATERIALS
Tanks will be made of polypropylene. The secondary containment
system will be made of poly vinyl chloride.

SECONDARY CONTAINMENT
Secondary containment will be installed around the entire
treatment system. It will be designed to contain 110Z of the
total tank volume.

PROPERTY LINES
The proposed treatment system will be located inside the building (see

the attached plans).
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9700... 3ries Neutralization ar..  ilution Tanks

These are heavy-duty tanks, built 1o withstand factors, including llow rate, volume, composition

the hea! of neutralization and the corrosive attack  and lemperature of effluent, amount of time

o! acids and alkalies. They are molded in one exposed 1o limestone, surface area of limestone.

piece [rcm virgin polyethylene, and are inexpen- If burial is necessary, it should be done

sive, unSreakabile and easy to install. according to instructions from project
Triple-welded fittings area molded from the engineers or archilects.

s2me hizh grade resins as the tanks. A complete Neutraiization ank extensions are available.

salacticn of intet and outlet adapters permil Call our Sales Department for prices and

connec: sn 10 any piping material. Inlet and outiet  specifications.

will be insialied at prices indicated below and in NOTE: Since effective neutralization is a complex
pesitions shown in drawings unless otherwise process, Nalge Company recommends the
soacifiez. Prices for iniets and outlets arein employment of professional assistance to analyze

acdilion 10 tank price. the effluent, recommend appropriate equipment
Inexpansive limestone or marble chunks are and prescribe necessary mainienance services
used in t=e neutralization tanks. Successiul before orgering neutralization tanks.

neuiralization invoives the resolution of many

97000 Bfack Conventional Polysthyiene Neutralization and Dliution Tanks

« Continuous service 10 140°F; intermittent to 180°F « 1200 gallon tank furnished with stesl-banded
« Coen-12d design with heavy-gauge bolt-aown cover, wooden girdle {or exira strength.
ngopre=s gasket and s:aintess steel nuts, bolts and ¢ infets and oytlets are priced separately (See
washers jumnished ~ char below)
o Zigven =fierent sizes—=5101200gallons |/ -
Size Code 0005 0015 0030 L0055 0100 0130 0200 G250 0350 0500  .1200
Cap., gol. 5 15 30 55 100 150 200 250 350 500 1200
Dimension A, in. 16 15 zZ A 42 46 46 M 46 &0 8
Dimension 8, in. 10 18 13 2 28 k) 36 42 43 52 69
Dimension C, in. 12 10 2 7 36 k1] a 36 k! | 52 72
Dimension D, in. 2 2 3 3 4 6 6 3 3 6 ]
hpprex. wall : |
thickness, in. X A X %X % % % % X X %
Usable volume, : ! .
cu. ft. 0.58 133 306 534 1200 1597 2083 26.51 3652 6105 14924
Max. inlet &
outlet, in. 2 3 3 4 4 4 6 6 6 6 6
97000 Tanks. / .
Price. eack** $116.00 $164.00 $186.00 $233.00 $331.00 $447.00 $497.00 $683.00 $737.00 $1323.00 $3454.00
°*Pce 1nS.. 288 LINK, COver, NUTS, DOItS Snd Gasker only. Iniets and Ovtiels are priced sedarsiety detow,
97100 Biack Linear Polyethylens Size Code 0055 0100 -0250
Neutralization and Cap., qal. 55 100 250
Dilution Tanks Dimension A, in. 37 46 50
¢ Continyous service 10 180°F: Dimension B, in. 22 28 42
intermment 10 212°F Dimension C, in. 27 3% 35
e Closed-10p design with cover, Oimension D, in. 3 4 6
gaske: and stainless stee! V-band Dimension £, in. 18 18 12
» Three sizes—55, 100 and 250 gallon  Approx. wall thickness, in. X, Y A
* Excelient chemical, impact and Usable volume, cu. ft. 5.0 115 25.0
gbrasion resistance Max, inlet & outlet, in. 4 4 6
97100 Tanks, Price, each® $136.00 $162.00 $243.00

*Price includes Lank, cover and V-band only.
iniets and outlets are priced sesarsiely deiow.

Inlets and Outlets

To determine the total price of the complete includes connecting adapter, elbows and dip
neutralization tank, add the price of eachiniet pipe. it a vent is required, order any outlet listed
and outlst required to the price of the tank. Inlet in the chart.
Pipe connections consist o Sug—
¢! ptain nipple and —_— ; - -
ir.stalisd half coupling ! E
for field assembly. 3 ) l :
embly = o -l
Flange (drilled to NPT female threads Mechanical joint to Plain end pipe
Pipe 150 1b. ASA) to maie IPS threads hi-silicon iron pipe connections 12° long NPT threads
= Site  Size, 96401 F* 93400 99840 F* 93840 ) 95804 F* 96800 $2800 Fr 92801 96857 £ 91857
ode in. Inlet . Oublet Inlet  in.  Oullst Inlet  in.  OQuliet Inlet  in.  Outlet ' Inlet  in.  Outlet
J153 134 1 $3E.00 4&){ $53.00 | $40.00 12 %3000 | $43.00 1% $33.00 | %3400 12{ S19.00 | £39.00 2); $22.00
-g00 2 7600 4% 6700 | 4300 13, 3600 | S400 1) 4300 | 4200 13 2000 | 4600 22, 23m
-0300 3 11600 &) 75.00 7400 2% 64.00 8000 24 67.00 6700 2% 23.00 72400 2% 25.00
409 4 135.00 625 27.09 9500 2% 80.00 | 10100 24 87.00 8300 2% 29.00 9100 24 31.00
£s9¢ 6 19:.00 A 9300 - - - - -— — | 104.00 — 75.00 - — —

wm g leer * g gew .0 g
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g Boston

March 22, 1989

Ms. Sharon Posner
Property Manager

Essex Property Corporation
777 California Avenue

Palo Alto, California, 94304

Subject: Environmental Site Assessment for Potentially Hazardous
Materials at the San Tomas Business Park, Santa Clara,

California. .

Dear Ms. Posner:

This letter is to inform you that Certified Engineering & Testing
Company's Site Assessment for the above referenced property is
complete. Our findings and recommendations are herein stated.

Certified Engineering's environmental site assessment of the San Tomas
Business Park, an investigation and inquiry consistent with good
commercial real estate practices, indicated that trace soil and ground

water contamination is present.

Certified's subsurface investigation found that groundwater
contamination is present as a result of an off-site spill
approximately 1,000 feet to the south of the subject site. The spill
is presently being remediated by Synertek Corporation.

A former on-site waste water storage tank appears not to have impacted
the quality of solls on-site.

Gas cylinders located in Building One were found to be properly
labeled, secured from falling, and stored on a concrete floor.

The electrical transformers found on-site are PCB free.
There are EPA Superfund and NPL sites within a 2,000 foot radius of
the site. Additionally, there are California Department of Health
Services Expenditure Plan Sites within the same radius.

For further details, please refer to the enclosed reports.

Certified Engineering & Testing Company, Inc.
725 Greenwich Streer, Suite 204, San Francisco, CA 94133 (415) 986-6872 - TeleFAX (415) 966-4283
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If you have any guestYons concerning the report, please feel free to

call me.

Sincerely,

CERTIFIED ENGINEERING & TESTING COMPANY,

<. m//

Jose A. Navarro
Project Cocordinator

JAN/cwW

enc.

Inc.
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é Certified Engineering & Testing Company'

Boston * Providence * New York * Memphis * Dallas * San Francisco

I. INTRODUCTION

Certified Engineering & Testing Company, Inc. was retained by Ms.
Sharon Posner of EssexX Properties Corporation of Palo Alto,
California, to perform a Phase I Environmental Site Assessment
for the San Tomas Business Park at the intersection of Scott
Boulevard and Montgomery Drive in Santa Clara,'California (See

Figure 1-2, Appendix A, and Photographs 1-4, Appendix B).

The Phase I Site Investigation consisted of visual inspections of
the grounds of the subject site and of abutting properties. 1In
addition to interviews with on-site personnel, Certified
undertook background research at the City of Santa Clara, the
Santa Clara County Offices, the California Department of Health
Services and the U.S. Environmental Protection Agency. A
complete listing of information sources is presented on pages 19

to 21.

The visual inspection of the site was performed on February 9,
1989 by Jose A. Navarro of Certified, who assessed the site for
naturally occurring environmental hazards and toxic site
contamination potentially resulting from the release .of hazardous

substances to the buildings, soils and groundwater.

Certified Engineering & Testing Company, Inc.
125 Greenwich Street, Suite 204, San Francisco, CA 94133 (415) 986-6872 - TeleFAX (415) 986-4283
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This report discusses..ooth on and off-site envi. .imental

concerns. The potential on-site concerns may include: 1)
hazardous materials storage or potential soil/groundwater
confamination: 2) underground storage tanks (USTs); and 3)

electrical transformers containing polychlorinated biphenyls

(PCBs) .

The potential off-site concerns may include: 1) nearby leaking
underground storage tanks (USTs); 2) nearby facilities that store
hazardous waste; 3) nearby spills, dumps, landfills of hazardous
materials which may impact the subject site; and 4) migration

onto the site of groundwater arising from an upgradient source.
II. SITE DESCRIPTION

The assessed site, consisting of approximately 5 acres (220,000
square feet) on flat alluvial soils, is located on the western

city limits of Santa Clara, California. The site is bounded by
Augustine Drive to the north, Montgomery Drive to the east and

Scott Boulevard to the south. The western property boundary

borders a single story office/light industrial building.

According to the National Flood Insurance Program, the subject
site is with the 100 year flood zone of San Tomas Creek, which is
located 1,400 feet east of the site. The groundwater table
beneath the site is shallow. The water depth may vary slightly
due to ;easonal changes.

Page 2



S N D T S B S

i

§

o
k3
M ek

Seismically active fa ts near the site include e San Andreas

- - W‘g
Fault, approximately 18 miles to the west of the site. This
fault system is active, affecting both the Santa Clara Valley and

the San Francisco Bay Area. Soils underlying the site consist of

unconsolidated alluvial deposits including clay, silt, sand and

gravel.

The three, single-story concrete tilt-up frame structures were
constructed in 1976. The square footage of Buildings One and
Three, located on the northern and southern property boundaries
respectively are both approximately 30,300 square feet, while the
middle structure, Building Twé is.approximately 16,100 square

feet.

Building One is divided into three spaces. Property addresses at
this building are 2600 Augustine Drive, 3370 and 3380 Montgomery
Drive. Both the Montgomery Drive addresses are presently
occupied by Magnum Technology Corporation and White Hawk Laser,
respectively. The 2600 Augustine Drive address is presently

vacant.

Building Two is divided into three spaces. The Duplicators
occupies the 3340 Montgomery Drive address while both the 3350

and 3360 Montgomery Drive spaces are vacant.

Page 3
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Building Three is p1__.ently divided into two s} _es. Both areas
are occupied by Ultracision, located at 3310 Montgomery Drive,

and Cyress Electronics, located at 3265 Scott Boulevard.

Prior to the buildings construction, the former land-use of the
site énd surrounding lands was agricultural, probably for the
cultivation of citrus fruits. Present land-use within a 2,000
foot radius of the subject site is dominated by light industrial

and office buildings with some commercial uses to the northwest,
ITT. SITE INVESTIGATION

On-Site Investigation:

The site investigation and subsequent record search focuses on
environmental concerns related to: 1) hazardous materials on
site; 2) the handling, disposal, manufacture and transportation

of such materials; 3) PCB-containing vessels; and 4) radon.

Jose A. Navarro inspected the buildings, including those areas

where potential hazardous materials might have been located.

According to the City of Santa Clara's "Hazardous Materials
Inventory Summary' dated March 9, 1988, Planar Microwave, a
manufacturer of electronic components and the former occupant of

2600 Augustine Drive in Building One, stored a limited amount of

Page 4



hazardous materials. __Jreon 113 and waste produ, s of ammonium
hydroxide, copper, phenol, sulfuric acid and liquid trichloro-
benzene were handled at this site. As much as 150 gallons of

Freon 113 were used by Planar Microwave within a year at this

site.

puring the visual inspection of this space, no evidence of

chemical spills was found at the Planar Microwave address.

A hazardous materials closure inspection was conducted on January

25, 1989 by SPM Applied Environmental along with the Santa Clara

'Fire Department’s hazardous materials specialist, Dave Parker.

According to the February 15, 1989 report, no evidence of any

illegal dumping of hazardous materials was found at the Planar

Microwave address.

No record(s) of any spill incidences or tank leaks existed in
file for the San Tomas Business Park with the Santa Clara Fire

Department.

Located at 3380 Montgomery Drive in the space occupied by White
Hawk Laser, Inc., in Building One, were approximately 50
cylinders of compressed gasses. Cylinder contents varied from
argon, carbon dioxide, nitrogen, oxygen to helium. According to

the 'Hazardous Materials Inventory Statement' dated September 30,

Page 5



1988 the above menticm,d gases have been registe d for storage
at their 3380 Montgomery Drive address. These gases are not
considered to be hazardous materials and because they are non-
flammable, non-corrosive and have a low toxicity, they are able

to be stored together as they are seen in photographs 6-8,

Appendix B.

All full compressed gas cylinders in service or in storage were
found to be properly labeled, secured by a chain to prevent

falling or being knocked over, and stored on a concrete floor.

Also found in ﬁuilding One, in the Magnum Tech Co. éccupied space
was a small empty cfliﬁéer of nitrogen stored with a fire
extinguisher. This cylinder was also properly stored (please see
Photograph 5, Appendix B). There was no evidence or records of

any storage of hazardous materials at this site.

No evidence of any hazardous materials was found in the vacant
space formerly occupied by Healthco and in the space presently

occupied by The Duplicators in Building Two.

During the site investigation of Building Three, no hazardous
materials were found in the Ultracision occupied space at 3310

Montgomery Drive.

Page 6



The City of Santa Cla 's tank removal files inc Jate the
historical presence of a 55 gallon waste water storage tank in an
underground vault located in the Building Three area.
Installation of the tank took place in 1979 by Zeta Laboratories,
the former occupant of 3265 Scott Boulevard. The tank was used
for the storage of waste rinse water from the plating process in

semiconductor production. The tank was removed on October 10,

1986.

Inspection of the tank during removal showed the tank to be in
good condition. "Soil sample analysis taken from the tank area

indicated no signs of contamination.

Certified's aerial photography research revealed the presence of
seven above-ground storage tanks in the loading dock area of
Building Three. The white tanks were fenced in at the time and
can be seen in the 1987 photograph taken by the City of Santa
Clara (See Figure Two, Appendix B). Research conducted through
City and County governmental agencies did not disclose any
information as to the use and contents of these tanks. Permits
for the installation and removal were not found with the City of
Santa Clara Fire Department. During the site investigation, no
apparent stains or discolorization were found in the area (See

Photograph 11, Appendix B).

Page 7



Storage of 20 gallons__ f paint thinner was founémJn the Cypress
Electronics space in Building Three. The gallon size containers
are stored in two separate cabinets, with each containing
miscellaneous materials such as bleach and spray paints (See

Photographs 9-10, Appendix B).

Outgassing of radon has not been a problem in the Santa Clara

area, thus no testing was conducted.

Off-Site Investigation:

' Certified investigated potential environmental problems in the

nearby vicinity that could impact the subjéct site. Research was
conducted for the potential existence of any nearby leaking
underground storage tanks, contaminated sites, spills and
landfills/dumps within 2,000 feet of the subject property.

Formal requests for information were given and interviews
conducted with personnel of the City of Santa Clara, the Santa
Clara Fire Department, the Santa Clara Engineering Department,
the U.S. Environmental Protection Agency and the California
Department of Health Services. A complete list of information

sources is found on pages 19-21 of this report.

Reports furnished by the California Department of Health
Services, the Office of Planning and Research and the U.S.
Environmental Protection Agency disclosed the presence of
hazardous waste sites within two thousand feet of the property.

Page 8
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Certified's record search disclosed nine contaminated off-site
concerns with leaking underground storage tanks and/or
contaminated soils and groundwater located within a 2,000 foot

radius of the subject site (See Figure 3, Appendix A).

An off-site concern affecting the San Tomas Business Park 1is the
Synertek, Bldg. #1, located at 3050 Coronado Drive in Santa Clara
(See Figure 3, Appendix A). This site is located approximately

1,000 ft. south of the subject site.

' Qontamination ét_the Synertek p?opefty originated from several on-
siﬁe leaking underground storage tanks which were removed aléng
with contaminated soils in 1985. Contaminants such as
trichloroethylene (TCE), 1,1,1-trichloroethane (TCA), 1,1-
dichloroethane (DCA), 1,1-dichloroethylene (DCE), Trans-1,2-
dichloroethylene (TDCE), Freon 113 and Vinyl Chloride have
polluted the ground waters beneath this site. Contamination is
present in both soil and groundwater, and groundwater
contaminants have migrated off-site towards the northeast, in the

» direction of the groundwater gradient flow.

Groundwater monitoring data indicates that the plume has extended

vertically to a depth of 45 feet and horizontally a distance of

at least 1,500 feet in aquifer "A", located 20 feet below the

ground surface. (See Figure 4, Appendix A).

£
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As can be seen in F\(zre 4, the extent of the ntaminated
plume's western edge"has migrated to the subjeéé site's
southeastern boundary. 1In order to cleanup and prevent the
further spread of polluted ground waters from the off-site
concern, Synertek has installed several extraction wells to
remové polluted wat-rs from this plume, causing the plume to

recede. Groundwater extraction has been conducted under the

supervision of the Regional Water Quality Control Board.

Contamination to aquifer "B", located approximately 15-20 feet

below aquifer "A" has also resulted in a polluted groundwater

.plume. Test results have shown that this plume has been

restricted to the Synertek prdperty due to flow restrictions from
compacted soils. This plume does not appear to have impacted the

San Tomas Business Park.

Research conducted reveals that soil and groundwater
contamination from the remaining eight sites is either of
localized extent, or may not impact the subject site given: 1)
the distance between the subject site and the contamination
source or 2) soil and groundwater remediation measures undertaken

for environmental abatement.

Page 10
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IVv. CONCLUSIONS AN! ECOMMENDATIONS

~.. e

Certified Engineering's environmental site assessment of the San
Tomas Business Park, an investigation and inquiry consistent with
good commercial practice, indicated that hazardous materials have

been stored and used on the subject site.

There is evidence suggesting that groundwater contamination may
be present as a result of off site activities. An on-site
wastewater storage tank appears to have impacted the quality of

soil‘on site, based on limited information furnished to

_ Certified.

Results of background research disélosed a possible on-site and
one off-site ccncern which may affect the subject site. The on-
site concern is the historical use and storage of seven
unidentified above-ground storage tanks in the loading dock area
of Building Three, and the former presence of the aforementioned
wastewater tank. The off-site concern is ground water
contémination associated with the Synertek Building #1, located

approximately 1,000 feet south of the subject site.
Certified recommends a subsurface investigation for the San Tomas

Business Park to ascertain possible contamination from the above-

ground storage tanks and the Synertek site. Soil and water

Page 11
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chemical analysis sl_11d be consistent with id :ification of
common electronic industry solvents. Samples should be analyzed
for evidence of organic solvents such as Freon,
triéhloroethylene, trichloroethane and other organic solvents as

previously mentioned in the "Off-Site Investigation" section of

this report.

There are no known storage tanks (underground/above-ground)

currently on the the subject property.

~ All gas cylinders stored in Building One were found to be

properly labeled, stored on a concrete floor and secured by a

chain to prevent falling or being knocked over.

All'paint thinner containers noted in Building Three were stored
correctly and away from any potentially flammable materials.
Certified recommends that all paint thinner containers be stored
in a single fire proof flammable liquid storage cabinet. There

was no indication of leaks or spills and materials were labeled

properly.

Electrical transformers installed by Pacific Gas & Electricity on-

site do not contain polychlorinated biphenyls (PCBs).

Page 12
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Radon was not tested for because it is not a recognized

environmental problem in the Santa Clara area.

Certified Engineering can assist the building owner on the

implementation of our recommendations.

Page 13



H,j V. FIELD FORMS e

, 1. Site Histor
- A. Owner of property:

i Rosenberg Real Estate
4 Equity Fund II, Inc.,
A Delaware Corporation
: by RREEF Management Co.
Wi A California Corp.
155A Moffett Park Dr., #110
Sunnyvale, California, 94089

B. Type & Date of Construction of the Buildings:
-j Three, single-story concrete tilt-up frame structures
- constructed in 1976.
m a C. Total Acreage and Square Footage of the Buildings:
Site: 5.00 acres (220,000 square feet)
g ‘Building One: 30,300 square feet.

Building Two: 16,100 square feet.
Building Three: 30,300 square feet.

- j D. Zoning:
: i. Present Classification and dates: X Industrial
X Commercial
Agricultural
Residential
i Other
ii. Prior Classification:
*Wii The prior zoning classification was agricultural.
ij] E. Current Uses:
The current use of the subject site is used for office
. i space and light industrial uses.

! F. TFormer Uses of Site:

The site was formerly an agricultural field, used for the
:’ production of citrus trees.

e
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List of B. . ironmental Permits Held k. Current and Former
Site Owners:

No environmental permits are held by the current and former
site owners.

Current and Former Uses of Surrounding Properties:

The surrounding land is currently used for office and light
industrial purposes.

Summary of Prior Citations or Fines for Violations of
Environmental Regulations:

No prior citations or fines exist for the subject property.

Major Findings/Background Research (including any
limitations thereto):

Potential off-site contamination migration to subject site
and historical storage of hazardous materials by former
building occupant at 2600 Augustine Drive. Unidentified
above-ground storage tanks formerly located in loading dock
area of Building Three. '

Recommendations, if any, for Field Investigation (Phase
II):

Subsurface investigation to ascertain possible
contamination from the Synertek bldg. #1, located at 3050
Coronado Drive in Santa Clara and possible on-site
contamination.

Page 15



i 2. Physical Charact,  istics of subject Site

TOPOGRAPHY

s j The topography is a flat-lying terrain.

SOILS

Soils consist of unconsolidated, course grained sands and
gravels, interbedded with finer grained silts and clays.

VEGETATION

Vegetation on-site consists of ornamental vegetation.

WETLANDS

SURFACE WATER
No surface water was observed on-site.
ESTIMATED DEPTH TO GROUNDWATER

The estimated depth to groundwater is 15-20 feet.

. i No wetlands exist on site.

3. DESCRIPTION OF SUBJECT SITE

WELLS

-t

No wells exist on-site.
SANITARY SEWERS SYSTEM

The sanitary sewer system is under the jurisdiction of the
property owner.

LAGOONS OR PITS

No lagoons or pits exist on-site.
DITCHES

No ditches currently exist on-site.

No floor drains currently exist on-site.

Page 16
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DRAINAGE LINK

Typical storm drains are found on the street curbs.
SUMPS
No sumps exist on-site.

EASEMENTS

No utility easements exist on-site.

SITE UTILITIES

The site's utilities are served by the City of Santa Clara, the
Santa Clara Valley Water District and Pacific Gas & Electricity.

BUILDINGS, ROADWAYS AND PARKING AREAS

The buildings are bounded by Augustine drive to the north,
Montgomery Drive to the east, and Scott Boulevard to the south.

FENCING

No fencing exists on the site.

Hazardous and Potentially Hazardous Materials and Fuels

SEPTIC TANKS/LEACHING FIELDS

No septic tanks or leaching fields were known to exist on-site.
DRUM_ STORAGE
No drums are stored on the site.

ABOVE GROUND/UNDERGROUND TANKS

No above ground/underground storage tanks presently exist at the
subject site.

HAZARDOUS WASTE DISPOSAL

There was no evidence of hazardous waste disposal on the site.

Page 17



i BATTERY DISPOL .

No batteries were found on the site.
o i WASTE OIL DISPOSAL
There is no waste oil stored on the site.
LIST OF HAZARDOUS MATERIALS ON-SITE
'Approximately 20 gallons of paint thinner were found stored at

the 3625 Scott Blvd. address and 50 gas cylinders are stored at
the 3380 Montgomery Drive.

Two PCB free transformers are found on the subject site, placed
by Pacific, Gas & Electricity.

MAINTENANCE

- i TRANSFORMERS

Maintenance is provided by the property manager.

Simatit]

oo

e
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1. Persons/Offices Contacted Regarding the Site:

-Dave Parker, Ph.D., Hazardous Materials Adminsitrator, Santa
Clara Fire Dept., 777 Benton St., Santa Clara, Ca., 95050,
(408) 984-3084.

-Robert J. Campbell, Chemcial Specialist, Santa Clara Fire Dept.
777 Benton St., Santa Clara, Ca., 95050, (408) 984-3084,

-Ida Tolliver, Environmental Protection Agency, 215 Fremont St.
San Francisco, CA., 94105.

-Doris Cruz, Custodian of Records, Department of Health Services
Toxic Substances Control Division, 5850 Shellmound St.,
Emeryville, Ca., 94608.

-Tom Iwamura, Geologist, Santa Clara Valley Water District,
(408) 277-5297. i

-Santa Clara County Health Dept., Hazardous Materials Unit, 2220
Moorpark Ave., San Jose, Ca., 95128, (408) 299-6930.

-Santa Clara Planning Agency, 1500 Warburton Ave., Santa Clara,
Ca., 95050, (408) 984-3111.

-Santa Clara County Assessors Office, (408) 299-3227.
-Santa Clara Valley Water District, (408) 265-2600.

-Regional Water quality Control Board, Region 2, Bay Area,
1111 Jackson St., Oakland, Ca.

2. Reports, Plans or Other Documents Reviewed:

-Leaking Underground Storage Tanks and Toxic Sites,
California Department of Health Services, 5850 Shellmound
Street, Emeryville, California.

-"Applied Action Levels", California Department of Health
Services, Toxic Substance Control Division, 5850 Shellmound

Street, Emeryville, California.

~-Expenditure Plan for the Hazardous Substance Cleanup Bond

Act of 1984, (Revised January 1988). California Department Of
Health Services, 5850 Shellmound Street, Emeryville,
California, (415)540-3500.

Page 19



N i -U.S. Fnvironm: :al Protection Agency Sup fund Program,

CERCLIS, CERCLIS Database. EPA, 215 Fremont Street,
San Francisco, CA. 94105.

i . .
e -Underground Storage Tanks_Fuel Leaks, Regional Water Quality
Control Board Region 2 (Bay Area), 1111 Jackson Street,
j Oakland, CA., 94607.

-Hazardous Waste and Substance Sites List, California Office of
Planning and Research, 1400 Tenth Street, Sacramento, CA.,

wi  95814.

] -Toxic Sites, prepared by Fox & Carskadon Commercial Services,

i Inc., 2099 Gateway Place, Suite 550, San Jose, Ca., 95110 for

- Mr. Ross J. Boyert, Vice President, Essex Property Corp., 777
California Ave., Palo Alto, Ca., 94304, February 8, 1989.

m,j' -Hazardous Materials Closure for Planar Microwave, prepared by

SPM Applied Environmental for Sherie Dunn, The RREEF Funds,
155A Moffett Park Drive, Suite 110, Sunnyvale, Ca., 94089,

Mg February 15, 1989. :
-Synertek Building #1, Progress Report, Februarv 1988, prepared
g' © by Conestoga-Rovers & Associates Limited, 651 Colby Drive,
- Waterloo, Ontario, Canada N2V 1C2, (512) 884-0510 for Mr. Ken

Ford, Honeywell Inc., Honeywell Plaza, 2701 4th Ave. S.,
Minneapolis, Mn., 55408.

-Applied Materials Groundwater Cleanup Program, Regional Water
Quality Control Board Internal Memo, from Robert W. Marek,

Water resources Control Engineer to Richard K. McMurtry, File
No. 2189.8152, May 27, 1988.

-Quarterly Ground Water Monitoring Report, WA Job #1-169-01, by

Weiss Associates, 2938 McClure St., Oakland, Ca., 94609, for
Jerry Schoening, Applied Materials, 3050 Bowers Ave., Santa
Clara, Ca., 95051, Octocber 5, 1988.

-Svnertek Building #1, Progress Report, May 1988, prepared

by Conestoga-Rovers & Associates Limited, 651 Colby Drive,
Waterloo, Ontario, Canada N2V 1C2, (512) 884-0510 for Mr. Ken
Ford, Honeywell Inc., Honeywell Plaza, 2701 4th Ave. S.,
Minneapolis, Mn., 55408.
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-Performance Assessment of "B" Acuifer Extraction Well PW-3,

Svnertek Bujlding #1, by Conestoga-Rovers & Associates
Limited, 651 Colby Drive, Waterloo, Ontario, Canada N2V 1C2,

(512) 884-0510 for Mr. Ken Ford, Honeywell Inc., Honeywell
Plaza, 2701 4th Ave. S., Minneapolis, Mn., 55408, March 9, 1988
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-Evaluation of. aterim On-Site Hydraulic _.atainment and Soil
Removal Measures and Modifications, Synertek Building #1,

by Conestoga-Rovers & Associates Limited, 651 Colby Drive,
Waterloo, Ontario, Canada N2V 1C2, (512) 884-0510 for Mr. Ken
Ford, Honeywell Inc., Honeywell Plaza, 2701 4th Ave. S.,
Minneapolis, Mn., 55408, September 8, 1987.

-Evaluation of Interim On-Site Hydraulic Containment and Soil
Removal Measures and Modifications, Synertek Building #3,

. by Conestoga-Rovers & Associates Limited, 651 Colby Drive,

Waterloo, Ontario, Canada N2V 1C2, (512) 884-0510 for Mr. Ken
Ford, Honeywell Inc., Honeywell Plaza, 2701 4th Ave. S.,
Minneapolis, Mn., 55408, September 8, 1987.

-Plume Definition Report & Off Site Remedial Plan, Synertek #1,

by Conestoga-Rovers & Associates Limited, 651 Colby Drive,
Waterloo, Ontario, Canada N2V 1C2, (512) 884-0510 for Mr. Ken
Ford, Honeywell Inc., Honeywell Plaza, 2701 4th Ave. S.,
Minneapolis, Mn., 55408, February 1988.

-Quarterly Monitoring Report for Magnitics Peripherals, Inc,
Santa Clara, Ca., Extraction and Treatment System Data for .
July-September, 1988, prepared by Levine-Friche (LF 1085),

1900 Powell St., 12th floor, Emeryville, Ca., 94608,652-4500,
October 31, 1988.

-Aerial Photograph, Santa Clara Planning Agency, 1500 Warburton
Ave.,, Santa Clara, Ca., 95050, (408) 984-3111.

-Milpitas, Ca., Topographic Map, 1961, Photorevised 1980, U.S.
Geological Survey, Denver, Co., 80225.
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W

i%. LIMITATIONS
.ghe findings set forth in the attached Site Assessment Report are
xuum.strlctly limited in time and scope to the date of the evaluation(s).

uww-._ The conclusions presented in the Report are based solely on the

" ® == gervices described therein, and not on scientific tasks or procedures
=E beyond the scope of agreed upon services or the time and budgeting

= restraints imposed by the client.

=z This report may contain recommendations which are partially based on
the analysis of data accumulated at the time and place set forth in
- '; the report through subsurface exploration. However, further

-- investigations may reveal additional data or variations of the current
data which may require the enclosed recommendations to be reevaluated.

i Chemical analyses may have been performed for specific parameters
: during the course of this site assessment, as described in the text.
’ - However, it should be noted that additicnal chemical constituents not
-searched for during the current study may be present in soil and/or
groundwater at the site. .

Partial flndlngs of this investigation are based on data provided by
others. No warranty is expressed or implied with the usage of such
data.

reres

SERVICE CONSTRAINTS

Much of the information provided in this report is based upon personal
- interviews and research of all available documents, records and maps
held by the appropriate government and private agencies. This is
subject to the limitations of historical documentation, availability
i and accuracy of pertinent records and the personal recollection of
those persons contacted.

i The initial site investigation took into account the natural and man-
macde features of the site, including any unusual or suspect
phenomenon. These factors, combined with the site's geology,
hydrology, topography and past/present land uses served as a basis for
choosing a methodology and location for subsurface exploration as well
as groundwater and subsurface sampling, if done. The subsurface data,
if provided, is meant as a representative overview of the site.

The location and analyses of soils, groundwater and surface water
samples, if provided, was based on the same considerations listed in

- the paragraphs above. If samples were analyzed, they were analyzed
for those parameter unique to the site as determined from the
preceding site evaluation.
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=3 e“;resence of radioactive materials, biological hazards and asbestos
B was.-not investigated unless specifically noted otherwise.

is report is intended for the use listed in the section of this
eport described as the Introduction or Scope of Work. The use of
this report in any other manner than that listed in the Introduction
Eor Scope of Work reguires the written consent of Certified Engineering

%md Testing Co., Inc. This report must be presented in its entirety.
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Photograph #1%. View of _
Building une from Augustine
Drive.

Phutograph =2: View of
Building One frum Montgome.y
Drive




Photograph #5: Empty hydrogen
gas cyliner stored at 3370
Montgomery Drive.

Photograph #6: Gas cyliners
of Carbon Dioxide, Nitrogen
and Oxygen. ' '




4! Photogreph #7: Gas cylinders
- _uf nicrogen and oxygen at
3380 Montgomery Drive.

Photbgraph #8: otorage of
Helium and Carbon dioxide at
3380 Montgomery Drive.
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Photograph #9: Storage of
aint thinners located at
3265 ocott Blvd.

Photograph #10: Storage of
aint thinners in fire proof
flammable liquid storage

cabinet at 3265 Scot. Blvd.
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Photograph #11: former storage .
area of seven above-ground
s.orage tanks.

Photograph #12: PCB free
transformer located near

" Building One.
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I. INTRODUCTION

This report describes the subsurface investigation performed by
Certified Engineering and Testing Company (Certified) at the San Tomas
Business Park located along Montgomery Drive in Santa Clara,
California. The investigation was performed on March 13 and 14, 1989.

Please see Figure 1, Appendix A for the site location.

This investigation was authorized by Ms. Sharon Posner of the Essex

Property Corporation.
The scope of our services included:
-- An underground utility search;

- Drilling three soil borings of sufficient depth to construct

ground water monitoring wells;
- Conversion of soil borings to ground water monitoring wells;
-- Well development and sampling; and

-- Interpretation of laboratory results and report preparation.

Certified Engineering & Testing Company, Inc.
725 Greenwich Streer, Suite 204, San Francisco, CA 94133 - (415) 986-6872 - TeleFAX (415) 986-4283
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II. SITE DESCRIPTION

For background information on this property, please refer to the site
description provided in the Phase I Environmental Site Assessment by

Certified dated March 22, 1989. To summarize the findings:

- A contamination plume consisting of organic solvents
originating approximately 1,000 feet south of the

subject site may be affecting the subjecf site.

- Hazardous materials have been stored on the site, including

Freon.

SUBSURFACE GEOLOGY AND HYDROLOGY

The site is underlain by alluvium, deposited by the action of streams
flowing into San Francisco Bay. The alluvial deposits and interbedded
bay mud deposits of the ancestral San Francisco Bay are estimated to

be over 1,000 feet thick. The near surface soils consist primarily of

clayey soils of generally low permeability.

The low permeability deposits do not readily transmit water. However,
the clayey soils are locally interbedded with layers of sand and
gravelly sand, deposited by ancestral stream deposits. The higher
permeability of sandy lenses encountered beneath the site allows for

more rapid ground water transport.

Pagé 2
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ITI. FIELD INVESTIGATION

Prior to drilling, the borehole locations were cleared for underground
utilities by informing Underground Service Alert. Underground service
alert notifies companies in the area which maintain underground

utilities.

Well construction permits were issued by the Santa Clara Valley Water

District.
SOIL BORINGS

on March 13 and 14, 1989, three soil borings were drilled to a depth
of 25 feet. The boring locations are shown on Figure 2, Appendix A.
One boring was located near a storage area noted on an air photo; the
two other boring locations were chosen to give as complete coverage of
the business park as possible. The borings were advanced with a CME
75 truck mounted drill rig using an 8-inch diameter, continuous
flight, hollow-stem auger. Prior to drilling each boring, the augers
and sample equipment were steam cleaned to prevent cross

contamination.

Native soil consisting of hard clays was encountered in all of the
borings. Silty sand and sand was encountered in Boring #1 at
approximately 13 to 24 feet. No backfill was encountered in any of

the borings.

Page 3



H H
[ - -

Certified's geologist‘gupervised the drilling opgﬁations, logged the
borings, and collected soil samples. After drilling through the
asphalt, the possible existence of underground utilities was
determined using a hand auger. After verifying the area to be free of

underground utilities, drilling proceeded.

Soil samples were collected at five foot intervals using a 2.5-inch
diameter California Modified split spoon sampler lined with brass
sleeves. The sampler was driven 18 inches with a standard 140-pound
hammer repeatedly dropped 30 inches. The blow count required to drive
the sampler each 6 inches was recorded in order to determine the

relative consistency of the soils.

During sampling, soil cuttings from the boreholes were analyzed with
an H*NU photoionization detector which is capable of measuring organic
vapors. The instrument can detect the presence of organic vapors to
the part per million level. No organic vapors from the soil cuttings

were detected.

' Soil samples were sealed using aluminum foil, plastic end caps, and

duct tape. The samples were immediately placed on ice awaiting
transportation to a state certified laboratory under proper chain of
custody protocol. The Chain of Custody Record is included in the

Appendix B.
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Socils encountered in the boring were classified in accordance with the
Unified Soil Classification System, as described in Figure 3, Appendix

A. Logs of the borings are presented in Appendix C.

All soil cuttings from the bcrings were stored in DOT approved 55-
gallon drums. The drums were sealed and bolted shut and stored in the

parking area away from traffic.
MONITORING WELL CONSTRUCTION

The three soil borings were converted to two-~inch diameter wells to
allow for evaluation of ground water conditions beneath the site. The
wells extend to an approximate depth of 12 feet below the first

occurrence of ground water.

The wells were constructed of two-inch (inside diameter), thread
jointed, polyvinyl chloride (PVC) casing. No chemical cements, glues,
or solvents were used in well construction. The bottom of the casing
consists of a threaded end cap; the top of the casing consists of a
slip cap. The screened portion of the wells consists of factory
perforated 0.020-inch slotted casing. The well screen extends from
the total depth of the well to approximately four feet above the upper
zone of saturation to allow for monitering during seasonal
fluctuations of ground water levels. The annular space was packed
with sorted and washed sand to approximately two feet above the

perforations. A one-foot thick bentonite plug was placed above the

Page 5



sand as a seal agains?”éement entering the sand ﬁgck. The remaining
annulus was filled with a cement/aggregate/bentonite slurry to
approximately one-half foot below grade. The well was completed with
a waterproof and tamper-resistant wellhead cover set in concrete

slightly above grade.
GROUND WATER SAMPLING

The wells were allowed to set up for 24 hours before sampling. A
steam cleaned bailer was used to obtain a sample from the surface of
the water in each well for subjective evaluation of ground water
quality prior to purging. No floatiné product or sheen was found on

the water in'any of the wells.

The wells were each purged three well volumes. Water samples were
retrieved using a teflon bailer cleaned with Alconox and rinsed with
distilled water. The bailer was cleaned between each sampling to

prevent cross contamination.

Water samples were sealed in labeled, laboratory cleaned glass
containers fitted with teflon septa. The samples were immediately
placed on ice awaiting transportation to a state certified laboratory
under proper chain of custody protocol. The Chain of Custody Record

for samples tested is included in Appendix B.

Page 6
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GROUND WATER GRADIENT

Ground water elevations were measured to evaluate the ground water
gradient. Evaluation of the ground water gradient across the site was
made through the use of an automatic leveler, stadia rod, and electric
waterllevel indicator. The leveling instrument and stadia rod were
used to measure the differences in elevation of the monitoring well
casings for each of the monitoring wells. Measurements were recorded
to the nearest 0.005 foot. The depth to ground water was measured
with an electric water level indicator accurate to the nearest 0.01
foot. The relative water level elevation in each well was calculated
from the measdred data and used to-construct a ground water
potentiometric surface map for the site. The potentiometric map is
shown on Figure 3, Appendix A. Interpretation of the map indicates
that ground water flows to the north-northeast across the site under
an approximate gradient of 0.3 feet per 100 feet (0.003). The flow
direction is coincident with that expected from evaluation of the
groundwater contaminant plume presented in Figure 4, Appendix A of

Certified's Phase I Environmental Site Assessment.
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IV. SUMMARY OF ANALYTICAL RESULTS

The soil samples were submitted to Anametrix, Inc. of San Jose,

california for analysis. The chemical analysis for the soils and

water included the following:

TPH and BTEX -

Pesticides and

This analysis detects petroleum contamination and
gasoline constituents. It was chosen to verify
that none of the nearby petroleum fuel spills

known to the RWQCB have affected the subject site.

PCBs - This analysis detects a wide range of
pesticides and polychlorinated biphenyls. It was
chosen to evaluate the presence or absence of
pesticides in soils or ground water at the site.
PCB analysis was performed to evaluate the
potential for on site contamination from the
nearby electric substation. The electric
substation is located at the intersection of

Bowers Avenue and Augustine Drive.
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\wx-"

Volatile organics - This analysis detects a wide range of
volatile organic compounds, including chlorinated
solvents. It was chosen to evaluate the presence
or absence of volatile organics in soil or
groundwater of the site, arising from on site or
off site activities. Solvents are commonly used
in high-technology operations and are known to be

present in a nearby contamination plume.

Certified analytical results are included in Appendix B. No petroleum
hydrocarbons, gasoline constituents; pesticides or PCBs were detected
in site soil and groundwater. Freon and a by-product of Freon was
detected in water samples taken from the wells at the subject site.

Freon was also detected in a soil sample from boring #2.

Freon (CFC 113) is widely used as a degreaser in the semiconductor
industry, and is a common constituent in ground water contamination
plumes in the Santa Clara Valley. The constituent migrates readily by
vapor diffusion and may show complex groundwater from past behavior.
In other ground water contaminant investigations where soil and
groundwater conditions are better defined, Freon often is detected in

advance of other constituents migrating in a groundwater plume.

Evaluation of the contamination levels detected on site indicate no

significant variance between upgradient and downgradient wells.

Page 9
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i Barring the potential for rapid vapor partitioning during sampling,
the lack of statistical variance between upgradient and downgradient
u samples may be a semiquantitative indication that the Freon levels
i detected on site have migrated on site from an upgradient

contamination source and present site background conditions.

3

_— According to Glen Hildebrand and Dave Spath, of the Santa Clara Health

Department and Public Water Supply Branch, respectively, Maximum

i

<
L1

Contaminant Levels (MCLs) for Freon have not been established for

local drinking water supplies. A MCL of 1.2 parts per million for

y

L)

Freon is proposed, however. Based on this level, the concentrations
of Freon observed in site groundwater are several orders of maghitude

a below proposed drinking water standards.

V. CONCLUSIONS AND RECOMMENDATIONS

The detailed discussion and date provided above allows the following

] qualified conclusions regarding the environmental assessment of the

i subject property:
l (1) Based on evaluation of the ground water gradient and flow
w‘ direction across the site, the property is located in the
downgradient direction from a contaminant plume containing
le chlorinated solvents. As discussed in the Phase I
assessment, the plume is impinging upon the site.
! Page 10
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(2) Limited quantities of Freon have been used at the subject

property, and Freon and its degradation products have been
detected in site soil and ground water. A qualitative

evaluation of ground water concentrations suggests that the
Freon and its degradation product may be migrating on site

from an upgradient source.

(3) The detected levels of Freon are well below proposed
regulatory drinking water criteria established for the

protection of human health.

The conclusions, supported by the diécussion in the text, allow the
overall resolution that the environmental condition of the site has
been marginally impacted. The impact may pose no threat to human

health and the environment. However, the reported use of Freon on
site and the presence of Freon in soil and groundwater may be adequate

cause for regulatory concern.

It is recommended the corporate counsel be consulted for creation of
an approximate financial mechanism within the framework of the
property transfer agreement to allow for further evaluation of site
hydrogeologic and hydrochemical conditions. At a minimum, site
groundwater monitoring wells should be sampled quarterly for a period
of one year to establish baseline ground water quality data.

Monitoring should proceed annually thereafter to assess the potential

Page 11



&

ey

Riooos™
for on site migration £

include installation of additional borings and monitoring wells to

evaluate the potential impact of on site chemical usage on soil and

groundwater quality.

rom upgradient sources.
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VI. LIMITATIONS & SERVICE CONSTRAINTS

LIMITATIONS

The findings set forth in the attached Site Assessment Report are
strictly limited in time and scope to the date of the evaluation(s).
The conclusions presented in the Report are based solely on the
services described therein, and not on scientific tasks or procedures
beyond the scope of agreed upon services or the time and budgeting
restraints imposed by the client.

This report may contain recommendations which are partially based on
the analysis of data accumulated at the time and place set forth in
the report through subsurface exploration. However, further
investigations may reveal additional data or variations of the current
data which may require the enclosed recommendations to be reevaluated.

Chemical analyses may have been performed for specific parameters
during the course of this site assessment, as described in the text.
However, it should be noted that additional chemical constituents not
searched for during the current. study may be present in soil and/or
groundwater at the site. -

" partial findings of this investigation are based on data provided by

others. No warranty is expressed or implied with the usage of such
data.

SERVICE CONSTRAINTS

Much of the information provided in this report is based upon personal
interviews and research of all available documents, records and maps
held by the appropriate government and private agencies. This is
subject to the limitations of historical documentation, availability
and accuracy of pertinent records and the personal recollection of
those persons contacted.

The initial site investigation took into account the natural and man-
made features of the site, including any unusual or suspect
phenomenon. These factors, combined with the site's geology,
hydrology, topography and past/present land uses served as a basis for
choosing a methodology and location for subsurface exploration as well
as groundwater and subsurface sampling, if done. The subsurface data,
if provided, is meant as a representative overview of the site.

The location and analyses of soils, groundwater and surface water
samples, if provided, was based on the same considerations listed in
the paragraphs above. 1If samples were analyzed, they were analyzed
for those parameter unique to the site as determined from the
preceding site evaluation.

Page 13



The presence of radioactive materials, biological hazards and asbestos
was not investigated unless specifically noted otherwise.

This report is intended for the use listed in the section of this
report described as the Introduction or Scope of Work. The use of
this report in any other manner than that listed in the Introduction
or Scope of Work requires the written consent of Certified Engineering
and Testing Co., Inc. This report must be presented in its entirety.
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UNIFIED SOIL CLRSSIFICATION SYSTEM

PRITARY DIVISTONS

oECONDARY DIVISTONS

GRAVELS| cLean

Hell proded gravels, gravel=-send mixtures
literle ar ne fines,

GRAVEL

Poorly graded gravels er grevel=-sand mix-
tures, livtie or ne fines

GRAVEL
HITH
FINES ¢

S:'ly .r.v-|$. 'r.Vql-!nnJ'S;lv wixtures$

Cleayey grovelis, gravel-Seand-clay miztures
v

CLEAN [-7ooo-]

Hell graded sondsi grevelly saonds,

SANDS

COARSE GRAINED

Peorly graded Sends or grevelly sands.

SANDS |.°

) Silty sends) send=3ilr mictvres

WITH
F INES

Cleyey sands? sond=cley miztures,

SILTS & CLRAYS
LIQUID LIMIT IS

Inergenic Sil1s end very fine Sands,

[nerganic clays: gravelly cloys., Sondy ¢ leys.

LESS THAN 567

Orgonic silrs and sliliy clays.

[nergonic silts: alcaceeus fine sondy eor
silty solls: elostle silrs,

SILTS & CLRYS
LIQUID LIMIT IS

FINE GRAINED

3

/A [nerganic clays ef high plasticlry.

CREATER THRAN 30%

7/

Z

7

;22 Orgenic cloys 5 ergenic silts,

HIGHLY ORGANIC SOILS

Poer end ether highly ergqenic Soils.

RELATIVE DENSITY

SRHDS 4 GRAVELS | BLOWS/FOQT

VERY LOOSE 9 -y
LOOSE 4 - 19

MED. DENSE 16 - 30
DENSE 38 - 50

VERY DENSE 30

CONSISTENCY

SILTS & CLAYS|  STRENGTH#s 8LONS/FODT*

VERY SOFT 0 - 1/% e -2

SOFT /4 - 1/2 2 -4
FIRN 172 - 1 4 -8

STIFF 1 -2 B - 18

VERY STIFF 1§ -~ 32
HARD OVER 32
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171, 1-Dichloroethene
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METHOD

601 /€010

REPORT FORM

CONCENTRATICN

workoréer # ;A2 3/00 (G o“fo‘a#})
L w-=Ant

(ug/L)

/ e pt ¥ 2 W p 3

COMPOUND

¢
\

SAMPLE 1D
i ~g 2

Chloromethane

™

-

Bromomethane

Dichlorodiflcurcmethane

&

Vinyl Chloride

Chloroethmne

Methylene Chloride

F
&

Jrichloroflourcomethane

1.2-Dichlorocethane

cis-1.2-dichloroecthene

Trars~1.2-Dichloroethene

ng

Chloroform

(/\

Trichlorotriflourcethane

;.“‘\0
N
|

1.2-Dichloroecthane -

1.1.1-Trichloroethane

Carbon Tetrachlaride

remodichloromethane

l1.2-Dichloropropane

Trans-1.3-Dichlorcpropene

Trichleroethene :

1.1.2-Trichloroethans

cis-1,3-Dichloropropene

Dibromochloromethane

2—Chloxroethylvinyl Ether

EENR NN NN AR

Sromoform

1.1.2.2-Tetrachlorcethane

Tetrachleorocethene

Chlorobenzene

1

1.2-Dichlorcbenzene

1.3-Dichlorcbenzen=

1.4-Dichlorobtenzene
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L0 Lt
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N
?\“o('ﬂ

Date Analyzed

{
|
1
1
il
|
IR
L
1
L
]
|
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]
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]
1
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|
1
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|
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1
|
|
1
1
1
J
|
|
1
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METHOD 601

/[ B80O10 REPORT

FORM

CONCENTRATION  (ug/Lj— Ka )

Workorder # ffe. P/ 0 S Fo0kf)
S -Zs

L—zf/—K?

S /283

COMPCUND i'_,g/

.

SAMPLE,, ID

rd

Chloromethane 1
Brememethane 1

!
=t

Dichlorodiflourcmethane |
Vinyl Chloride

[

Mathylena Chlaoricde

Trichloroflouromethane

1.2-Dichloroethene

1.1-Dichlorcethane

1
Chlorcethune ) L
1
1
1
]
M

cls-1.2—dichlorcetharns

Trans—-1,2-Dichloroethene |
Chloroform : {

Trichlorotrificuroethane I
1.2-Dichlorocethane - .

1.1.1-Trichlorcethane

Carbon Tetrachloride

4

]

1
Bromodichloromethane 1

J

1.2-Dichloropropane
Trans-1,3-Dichloropropene

Trichloroethene : 1

1.1.2~Trichlorcethane L

cis-1.3-Dichloropropene |

Dibromochlocromethane 1

2-Chlorecethylvinyl Ether

Bromoform

1.1.2.2-Tetrachloroethane

Tetrachlorcethene

Chlorobenzene

1.2-pichlorobenzene

1.3-Dichlorcbenzene

|

|

]

|

|

|

]
1.4-Dichlorobenzene L

[

)

F0ichlomtr C(uaroQ*E\um <D,5 <5 S <0.5
% Surrogate Recovery ZF 2L 20
Dilution Factor ) et P | At
Instrument # 1 A~ -7 AL A7
te Analyred |\ 3/, 98 - 370 VST

Analyst: X

Date: <2/20/5%
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Workorder #_SFN3)1Q < }‘(J/L‘ 7 < L9 /kj —
WAtV 3 5‘
. | WAGT . WA 2 ; 8] S~ 1
UND | o/ QR Sipzm-’f'g ID iird LS
alpha-BHC 1 <C.05 | I 1 <% |
betz-BHC | { | | {
ganra-BEC (Lindane) 1 | ] | L
delta~BHC ] | [ 1 |
Heptachlor A | | I !
Alérin [ ! 1 | ]
Heptachlor epcxide 1 I J g 1
Endosulfan I |V L | I v |
p.p'-DDE | <Oy 1 1 | _<le I
Dieldrin ] ! ] | 1 ]
Bwdrin ] ] ! L |
p.p'-DDD 1 | ! - |
Endosulfan IT ] [ i | |
p,p'-DDT 1 ] | [ |
Endrin aldehyce | | | | / |
Endosulfan sulfate [ 1 | | v !
p,p’ -Methoxychlor | 0.5 | ] <90 1
Endrin ketone | £0.\ ] | | <16 ]
Technical chleordane | <£o.5 | ) ) !
Taxaphane 1 <£i ] | | <2 1
Aroclor 1221 I <03 | 1 | <« !
Aroclor 1232 ! 1 | l I
Aroclor 1242 ! ] | €1 !
Aroclor 1248 A4 ] | | y L
Aroclor 1254 | <! | | | _<leo l
Aroclor 1260 I | 1 | <lto |
Arcclor 1016 | <05 | | R |
1 | I 1 |

% Surrogate Reccvery | 72 172 L8 | S % I:ﬂ-
Dilution Factor I Alon= ) D T
Instrument # | V#1 TN T T e
Date Analvzed | . F=20 AN T N T T

Analysrt:

Date:

/1821
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METHOD 608 /80820 REPORT

FORM

CONCENTRATION  (ug/L)

Workorder # SI0<,0 #5/ ,éj

CQMECUND

| 5~3-53 SpMPLE  ID
\ 2 ERAun 31289 -ﬁﬁééﬂn‘_‘:l?-&l

g _Aldrin

Endrin

Arcclor
Aroclor
Aroclor
Aroclor
Aroclor
Aroclor
Arcclor

Heptachlor
Endosulfan
p,p'-DDE
Dieldrin

alpha-EHC
beta-BHC
gamra—~BHC
delta~BHC
lieptachlor

p,p'-DDD
Endosulfan II
p,p'-DDT
Endrin aldehyde
Endosulfan sulrate
o, p'-Methexychlor
Endrin ketone
Technical chlordane

Toxaphene

1221
1232
1242
1248
1254
1260
1016

¥ Surrogate Recovery
Dilution Factor
Instrument #

Date Analyzed

{Lindans) |

epcxide
I

1

l

1
L
L
|

d
1
l
|

J

f‘”";’—‘— -t e - e e

N o A O O O O
[~ B T B

1
L
1

i

|
1

|
1
1
J
L
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(408) 432 - 81892

TOTAL PUEL HYDRCCARBON REPORT

workaréé:‘ 2 H903/10

s-10-61
— ot SAMPLE  ID

—¥s

CONCENTRAT. T Lo ] I | |
2 ICN UMITS | 7//9} | | 1 1
BENZENE - | I | |
| £ /00 | 1 | ]
2 | o |- |
OLEE q et ) ! i y
ETHYLEENZENE I : | | - | |
L L 1 | 1
VYTENES A - | | |
| <{loo J L ] 1
GASOL | | | | |
e | & /070 1 1 1
DIESEL I | | | |
| | I { L ] :
TG | | i | |
1 ] } 1 1
DATE ANALYZZD I [ | l |
——
- | } |
GASOLINE | ! ! ' i
J | } | |
DIESEL 1 | 1 | !
TG | | | l |
] | | | {
GASOLINE = | | | | :
RUTE I AN ! | '
GASOLINE DIESET,
Cate: 3-20-3% Date: .
Analyst: 7T Analyst: —

METHODS DONE ARE THCSZ SPECIFIED BY CRCB.
Anaretrix, Inc. GC Department Form 2-1

* RIMP - Reporting Limit Multiplication Pactor
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ANAMETRIX, INC.
(408) 432 - 8192

TOTAL FUEL HYDROCARBON REPCRT

Workor~der # K9 03) 10

5_,;?’5’3 .
- 5 SAMPLE I v —f-5"
WMk e b 3 :O_é s=i1 31
—~0/ -0 -0 3 g ~05~
N ma ') l 1 I ) l : '“ .
CONCENTRATICN WITS w9/ 9 43/ 7 7820 '“7//<19 | //K/?
BENZENE jlao.s ' } £ oS 1' ¢S { < /40 :c."/ao |
— I T | | ., .
foroR | [ | 1 Lo /L__,
' " | o _ o |
. ETHYLBENZENE l 3 J, L | ) J, ._ __
EES | ¢ 1. R N 1"L
GASOLINZ {4 50 f e <T J' < Ss° { ¢ (¢00 { & [ ovD
DIESEL I . ] | ) | | )
| ME | | NE N
TOG | | | | I
| ] N 1 ;
DATE ANALYZED | | I |
| = = ] 1 | :
GASOLINE } z 1389 ! IL 3«:?—89i 34?E]
[ | | f !
DIESEL i J l 1 ,
TOG | | I l ]
1 . [ | :
s 3 » l ’ ’ I ;
GASOLINE RLMF ! l H B / | so | A
GASOLINE DIESFL
Date: 3-2087 Date:
Analyst: 7~ Analyst:
METHODS DONE ARE THOSE SPECIFIED EY CRAQCE.
Anametrix, Inc. GC Department Form 2-1
* RIMP - Repcrting Limit Multiplicaticn Factor /1330
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BORING B - 1

Hammer Ht.: 1408

California

Sompler Type!

SHEET 1 of 1

Drilling Centrecter: Boylends Drilling
Drill Rig Type: CNE 73
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Depth Cf1)

1Drg asphalt underlein by 4" reedbed.

Cley (CH) w/ trace {ine-coarse ;-nJ and
fine~coarse grovel? bisck: meist? high

plesriciry! herd. OVA 21 @.

Coler chenge te ten: stiff. OVR s @,

Silty sand (SN): filane-greined Send: brewn;
wet1! ne plosticity: leose, OVR = @,

Sand (SP)Y, fine=cearse!: bromni wer:

ne plasticity! medium dense. OVA 1 @,

'JEIIy'y slle CHRLY! greenlish-greyidamp -

meisi1! moderesre plasticity’l very seiflf,
OVR : 9.
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BORING B - 2 Legged by: Tim QO'Brien
SHEET 1 of 1 Edited by: Tim 0°Brien
Drilling Contreacter Boylands Derilling
O~ill Rig Type: CHE 75_ Srer? Time/Datrve: 1:29 pm/ 3-13-89
Oriller’s Name: Tom/ Dave i

Cempletion Ti /Date: 1:38 / 3-13-839
Hommer WHt,: 1908 Drop 30 b meose ’m
Sempler Type: Coalifoernie Medif ied Rutohemner
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OVA = @

Clag (CL) w/ Seme Silt: tan: domp =
meiSt: moederate plasticitg:
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Clay w/ Seme Silt @S abeve! Very
me iSt=mets seiff, OvAR » 9.
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BORING B - 3
SHEET 1 of 1

Tim 0’Bricn
Tim O'Brien

Logged by:
Edived by

Driltling Contrector: Baylends Drilling
D'-iill Rig Type: CHE 753 Stert Time/Oare: 9:38 om/ 3-t4-89
Driller’s Nome: Tom/ Dave
c | H Time/0 : H ~1Y-
Hommer HNt.: 1vos Drop: 30° emplation Tine/Oar, 11:38 em/ 3-14-89
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The Peimary Eavireament

Tebdle 2-1. (Contiaued)

Distributien of Elements In Igucons Rocks and Minerals 43

Distribution of Trace Elements

As the major and minor element composition of a magma changes
with differentiation, 30 too does the trace element composition. A com-
parison of the minor and trace (<0.1%) element composition of important
igneous rock types is presented in Table 2-1, which lists the average abun-
dance of 65 elements of particular interest in exploration geochemistry.

Table 2-1. A\:enge abundance (or range) of selected minor snd trace elements
in the Earth’s crust, various rocks, soil and river water. (All values in ppm,
except those for river water which are ppb).

Earsh’s Ulire- Grene- Lime- River
Element cmun mafic Basslt diorite Granite Shole stone Sail wter
Rh 0.0004 - — - - -— -— - -—
Re 0.0004 - - -— b - -_— -— -
» 01 0.1 02 0.2 02 ] - 3 1
s 16 10 b ] ] 0 3 13 ) -— 0.004
8o 0.03 -— 003 - 0.03 [-X ) 008 012 02
E [ 3 0.357 42 [ % ) 3 [ ] os — 0.0}
Sa 3 03 1 2 3 4 4 10 -
] 318 ] 403 430 283 300 300 $0-1000 30
Ta 2 ] o3 2 3 2 —_— -_—
n 0o 0.088 0.6) 1.3 0.08 1 -— -— 0.008
™ 0.001 0.001 0.00) 0.001 0.001 00) -— -—
™ 0 0.00) 21 10. 17 12 2 13 01
b {] $700 3000 9000 8000 2300 ¢ 4600 400 3000 3
n 0.43 0.03 0.1 03 0.713 0.3 — 0.1 -—
Tm 040 0.0%) o 03 - 02 0.1 -— 0.009
(1] 27 0.001 06 3 40 4 2 ] 04
v 133 30 230 100 20 130 13 20.500 09
w 1.3 03 1 2 2 2 0 — 0.0}
 § 3 - 23 3 40 23 3 -— 0.7
¢ ] 3 0.4) (W] b X 0.06 3 [ A] - 003
2a 7 30 100 [ ] 0 100 3 10-300 20
Ze 163 0 130 140 180 160

zo\)oo -

Notes:

1. Dashes (—) indicate no data are available.

2. Earth's crust: All data from Taylor (1964, 1966) except for Mn, Ti and Se (Sanby, 1969);
Re, I, Oy, P4, Pt, Rh and Ru (appropriste chapters in Wedepohl, 1969); Te (Parker, 1967).

3. lgacous rocks, shales and limestones: All data from Taylor (1964, 1966, 1969) except for
Ma, Ti and Se (Andrews-Jones, 1968; Sazby, 1969); Re, Ir, O, Pd, Pt, Rh and Ru (ap-
propriate chapters in Wedepohl, 1969); Te (Parker, 1967); F, Cl, Br and | (Turekian and
Wedepohl, 1961).

4. Soil: All dats from Taylor (1966) except for Ag, Cs, Hg, Hf, Mn, Sb, Ti, Tl and Zr (Saxnby,
1969, who also reports total rare earth elements in soils as approximately 100 ppm); Th
(Asdrews-Jones, 1968).

3. River water duta from Turekian (1969) except for chlorine (Livingstone, 1963) and
wranium (Reeder et al, 1972). All rare earth clement data (except La) are estimates by
Turekian.

The list also includes average abundances of these trace ¢lements in the
crust (which is itself considered equivalent to the average value for all
igneous rocks), shale, limestone, soil and river water, since these values
will be discussed later. The compilation of “average™ amounts is beset
with many difficulties, particularly as the Earth’s crust is not uniform and
we can sample only to relatively shallow depths. Thus, although reliable
sources (chiefly Taylor, 1966) were used in compiling Table 2-1, the values
are subject to change as new data are obtained. Further, as will be noted in
the discussion of geochemical provinces, the trace and minor element con-
tent of rocks with the same name (e.g., granite) can vary significantly. This
is particularly true for the rarer elements in rocks generally, and especially
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GEOCHEMICAL CHARACTERISTICS
OF SELECTED ELEMENTS

In this appendix, modelled afler a similsr appendix originally presented by
Hawkes and Webb (1962), important geochemical characteristics are compiled for
the trace elements which are of most importance in exploration geochemistry.
Emphasis has been given to those characteristics which affect the development of
secondary dispersion halos (anomalies).

The main sources of the data used in this compilation sre:

IGNEOUS ROCKS: Table 2-1 (pp. 43-44).

SEDIMENTARY ROCKS: Table 2-1; sandstone, Beus and Grigorian (1977); black shale
{for a limited number of elements), Vine and Tourtelot (1970); and Wedepohl
(1969-1974) in some cases.

Sois: Table 2-1. Also, Aubert and Pinta (1977) for soils in temperate, arid, and tro-
pical humid regions; data are only available for a limited number of elements. In
the case of the Aubert and Pinta (1977) dats, ranges are generally given which
exclude exceptionslly high and low values.

SurFace waTErs: Table 2-1.

VEGETATION ASH: Beus and Grigorian (1977; Table 46), and Tadle 10A-2 (this
volume). For blological response, Table 10A-3, Boyle (19742), and other
miscellaneous sources. .

GEOCHEMICAL ASSOCIATIONS: Table 2-4, Fig. 2-5 and Table 2A-7 of this volume;
Boyle (19742); and Wedepoh! (1969-1974).

SUBSTITUTIONS IN: Tables 2-2, 2-S and 2A-6 of this volume; Boyle (1974s); and
Wedepoh! (1969-1974).

MOBILITY — SECONDARY ENVIRONMENT: Fig. 3-19, Tables 3A-3 and 3A-4 of this
volume; Boyle (1974s); and Perel’'man (1977).

GEOCHEMICAL BARRIERS: Fig. 3-19, Tables 2A-1 and 3A-J of this volume; Boyle
{1974a); and Peret’'man (1977).

PATRANDERS: Tables 2-3 and 3A-4 of this volume; and Boyle (1974a).

Datx for sl other categories were oblained from various scattered sources.
Where there are no data, entries for the particular category (e.g., aqueous phase)
have been omitted.

Boyle (1974a) is highly recommended to those who are interested in further.
information on the geochemical characteristics of the elements. This is clearly the
®ost comprehensive compilation of elemental associations and indicator (path-
finder) elements available which is designed primarily for exploration geochemistry.
Adbreviations: Av = sverage; INTER = intermediste (granodiorite); S = shale;

BLSH = black shale; Ss = gsandsione; LS = limestone; TEMP = temperate;, TroP
(Hum) = tropical humid. '

%)
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VEGETATION AsH (ppm): .01.

ComumenTs: The geochemistry of Cd is essentially identical to that of Zn, for
reasons explained on p. 66, and sphalerite always contains Cd generally in the
range of 1000-5000 ppm (Table 2-5). In some situations Cd may become enriched
relative to Zn (e.g., hydrothermal zoning; see Fig. 7-3). During the weathering of
Cd-containing zinc minenals, secondary Cd minerals, such as greenockite (CdS)
and otavite (CdCO,), may form. See Zinc in this appendix.

CERIUM (Ce)

Joneous RoCks (ppm): Av 60; MARC 35; INTER 40; FELSIC 46.

Sepnsentary rocks (ppm): S 50; Ss 90; Ls 10.

Sous (ppm): Av-~S.

, SURPACE wATERS (ppb): Av 0.06.

\  J0ETATION asH (ppm): 30; although Ce has been found in numerous plants, its
value in exploration is poorly documented.

GEOCHEMICAL ASSOCIATIONS: Lithophile; RE, Li, Rb, Cs, Be, Nb, Ta, Zr, B, Th, U,
and F in pegmatites; RE, Th, P, Zr, Fe, and Cu in monazite veins; RE, Th, Ba, Sr,

P, P, and C in carbonatites; RE, U, P, lﬂdl’lnphuphoﬁtes RE, Au, T, Sn, Zr,
and Th ia placers.

OussmenaLs: monazite, bastnaesite, cerite, xenolime.

- SUBSTITUTIONS I: apatite, allanite, sphene, Nuorite, niobate-tantalates (e.g., eus-
enite), feldsper (Eu concentrated).

SOMLS; OOCURRENCE IN: limonite, clays; possibly as insoluble phosphates (e g., thab-
dophane, Norencite).

AQUBOUS PHASE: soluble only under acid conditions (pH of hydrolysis is 2.7; Table 3-

* 6); also forms complexes with organics and carbonates (Wedepohl, 1969-1974).

MOSILITY — PRIMARY ENVIRONMENT: high; concentrates in late stage granites and
pegmstites; highly concentrated in some alkalic rocks, including carbonatites.

. llo-.m ~ SECONDARY ENVIRONMENT: low in solution even though some Ce

. nemls (eg., the Nuorcarbonates such as bastnaesite) are unstabdle; primarily as
detrits! monazite, xenotime, etc.

GeOCHEMICAL BARRIERS: pH; mechanical.

CE 13 A PATHFINDER FOR: other rare earths and Th in carbonatites; other elements in
associated deposits (¢.g., Ti or Sn in placers).

PATHPINDERS FOR CE ARE: The rare-earth elements, P, F, and other elements in the
specific geochemica! association (e.g., Th. Nb, U); however, orientation studies
should precede actual surveys to determine nature of dispersion (chemical or
mechanical) and general suitability of proposed survey.

CoMMENTS: Cerium is the most abundant (about 30% of the total) of the 16 rare
earth (RE) elements which consist of Y and La-Lu (atomic numbers 39 and $7-
71). As a rule, all the rare earth (RE) elements accompany esch other in specific
relative abundances, and they all have essentially identical geochemical charac-

Goechemical Characteristics of Selected Elements (1)

teristics (¢.g., similar mobility in all environments) but, in fact, scparations are fre-
quent. For example, Ce, La and the other *‘light’”’ RE clements concentrate in
monazite, allsnite, and other minerals in carbonatites, whereas Y, Er, Yb and Lu
and the other “heavy” RE elements concentrate in xenotime, and fluorite.
Likewise, Gd, T and Dy concentrate in certain minerals (e.g., gadolinite).

CHROMIUM (Cr)

1oNEOUS ROCKS {ppm): AV 100; MAFRC 200; INTER 20; PELSIC 4.

SEDIMENTARY ROCKS (ppm): SH 100; Ss 35; Ls 10.

SoiLs {(ppm): Av 50. RaNGE 5-1000, Temer 7-300, Amn 200-500; Tror (Hum) 150-
300.

SURFACE WATERS (ppb): Av 1.

VEGETATION asH (ppm): 90; poor biological response.

GEOCHEMICAL ASSOCIATIONS: Siderophile; Cr, Co, Ni, Cu, Pt-group.

ORE MINERALS: chromite.

_ SUBSTITUTIONS IN: micas (fuchsite. meriposite, Cr-micas) and gamets; in absence of

chromite, Cr substitutes in pyroxene and magnetite in basic rocks.

SOILS; OCCURRENCE IN: chromite, limonite.

SECONDARY MINERALS: none; but serpentine may contain minute chromite grains.

AQUEOUS PHASE: effectively insoluble except under very acid-oxidizing conditions as
chromate ion.

MOBILITY — PRIMARY ENVIRONMENT: low; concentrates in ulirabasic rocks.

MOBRILITY — SECONDARY ENVIRONMENT: only as detrital chromite (very stable); con-
centrates in heavy fraction of soils and sediments.

GEOCHEMICAL BARRIERS: mechanical. S

CR 1S A PATHFINDER FOR: chromite, platinum, and other ultramafic deposits.
PATHEINDERS POR Ch ARE: Ni, Co, Cu.

COMMENTS: Cr has been successfully used in 30il, sediment and heavy mineral sur-’

veys (but not hydrogeochemical) based primarily on the stability of chromite.

COBALT (Ce) -

ianeous Rocks (ppm): Av 25; MARC 50; INTER 10; Feusic 1.

SEDIMENTARY ROCKS (ppm): SH 20, BLSH 10-20; Ss 0.3; Ls 4. :

SoiLs (ppm): Av 10. RANGE §-40; TEmP 1-45; AriD 10-100; Tror (Huu)l 50.

SURFACE WATERS (ppd): Av0.2.

VEGETATION ASH (ppm): 15; blological response satisfactory (Table 10A- 2 but see p.
84) .
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QEOCHEMICAL ASSOCIATIONS: Siderophile; also chalcophile. Ni, Co, Pt, Fe, Cu, Ag,
Au, Se, Te, and S in Ni-Cu massive sullide deposits; Ni, Co, Ag, Fe, Cu, Pb, Za,
As, Sb, Bi, and U in Cu-Co sullide ores; with certain Au and Ag ores; Ni, Co, Fe,
Mn, and Cr in laterites; Mn, Ni, Cu, Zn, and Co in deecp-sea Mn nodules (Table 3-
10); see Uranium in this appendix for U associations.

ORE MINERALS: cobaltite, smaltite.

SussTITUTIONS IN: Ni minerals; pyrite, sphslerite and other sulfides (Table 2-5); in
some Fe-Mg silicates.

SOILS; OOCURRENCE: strongly adsorbed by Ma oxides (pp. 135, 384); also adsorbed by
limonite and clay (Table 3-3).

SECONDARY MINERALS: erythrite (cobait bloom).

AQUEOUS PHASE: as ionic Col*.

MOBILITY - PRIMARY ENVIRONMENT: high; concentrates in hydrothermal veins where
it forms sub-ore halos (Fig. TA-6); also low, as it occurs in some ultrabasic oocur-
rences.

MOBILITY — SECONDARY ENVIRONMENT: good; pH of hydrolysis is 6.8 (see also Fig.
6-3).

GEOCHEMICAL BARRIERS: sulfide; adsorption; pH.

CO I3 A PATHFINDER FOR: all deposits in which it occurs, e.3., Cu (in shales), Ni-Cu
(massive sulfide), U (vein type), and censin Ag and Au veins; see Table JA-4.

CoMMENTS: Co can be used in practicatly al types of surveys: s0il, sediment, water,
vegetation, and till. See Boyle (1974a) for additional informstion.

COPPER (Cn)

IGNEOUS ROCKS (ppm): AV 55; MarcC 100; INTER 30; FeLsic 10.
SEDIMENTARY ROCKS (ppm): SH S0; BLSH 70-150, Ss 10; Ls 15.

_ . Soas (ppm): Av 20. RANGE 2-100; Temp 25; AriD 15-100; Tror (Hum) 10-150.

URFACE WATERS {ppb): AV 7.

VEGETATION AsH (ppm): 20; biological response fair (Table 10A-2) although Cu s
often considered a “‘difficult” element (p. 407); Cu can cause barren aress (Fig.
10A-3).

GEOCHEMICAL ASSOCIATIONS: Chalcophile; Cu, Pb, Zn, Cd, Ag, Fe, As, Sb in
massive sulfide (volcanogenic) type deposits; Cu, Mo, Re, Fe in porphyry Cu type
depasits; Ni, Cu, Pv, Cr in ultrabasic Pt deposits; Ag, Zn, Pb, Mo, Co in copper
shale deposits (c.g., Kuplerscheifer).

ORE MINERALS: chalcopyrite, bornite, other sullides, native Cu.

SUBSTITUTIONS IN: pyroxene, amphiboles, magnetite, biotite.

SOILS. OCCURRENCE: adsorbed by clays, Fe-Mn oxides, and organic matter.

SECONDARY MINERALS: many carbonates, sulfides, oxides, sulfates, and silicates.

AQUEOUS PHASE: ionic (Cu?*, Cu*); organic complexes.

Goochemical Characteristics of Selected Elements m

MOBILITY —~ PRIMARY ENVIRONMENT: high, as in the case of porphyry copper deposits
in felsic rocks; low, as in case of Pt-Cr occurrences in ultrabasics.

MOBILITY —~ SECONDARY ENVIRONMENT: high in oxidizing, acidic waters; low in
alkaline and reducing waters.

GEOCHEMICAL BARRIERS: sulfide; adsorption; pH (pH of hydrolysis = §5.5).

CU 15 A PATHFINDER POR: all types of deposits in which It occurs.

PATHFINDERS FOR CU ARE: Mo in porphyry copper deposits; other chalcophile ele-
ments (e.g., Zn, Co) are used in hydrogcochemical surveys for Cu deposits when
waters are alXaline.

CoMMENTS: Cu is one of the most commonly determined elements in exploration
geochemistry using all types of sampling media (soils, sediments, walers, vegeta-
tion, etc.). See Boyle (1974a) for sdditional information.

FLUORINE (F)

laneous rocks (ppm): Av 625; MARIC 400; INTER 500, FeLsic 735. '
SEDIMENTARY ROCKS (ppm): St 740, S 270; Ls 330.

Soits (ppm): Av 200,

Surpace waTERS (ppd): Av 100,

VEGETATION AsH (ppm): 10; poor biological response (Table 10A-1).

GEOCHEMICAL ASSOCIATIONS: Lithophile; F, Ca, Fe, S, Si, Ba, Sr, Pb, Zn, and Cu in
veins snd stockworks; F, Al, Cs, Sn, Mo, and W in greisen zones; Nb, Ta, P, F, Ti,
and rare-carths in carbonatites; F, U, V, Se, As, and rare-carths in phosphorites;
Pb, Zn, Ba, and F in carbonates (Mississippl Valley type).

ORE MINERALS: Nuorite, topaz.

SUBSTITUTIONS IN: apatite, mica, amphibole, tourmaline.

SOILS; OCCURRENCE IN: secondary phosphates, apetite, fluorite, adsorbed by Al
oxides.

AQUEOUS PHASE: as luoride ion (F-).

MOBILITY — PRIMARY ENVIRONMENT: high; concentrates in granites, pegmatites, late
stage hydrothermal veins, and carbonatites.

MOBILITY — SECONDARY ENVIRONMENT: high; soluble under all environmental condi-
tions.

GEOCHEMICAL BARRIERS: calcium barrier (causes precipitation of fluorite) limits
solubility of F;, adsorption (by Al oxides).

F S A PATHFINDER FOR: many lypes of deposits (see below).

PATHFRINDERS FOR F ARE: F, and associated base metals.

COMMENTS: Boyle (1974a, p. 36) states, *‘Fluorine is a persistent constituent ol
almost all types of mineral deposits, occurring in amounts from traces to minor and
major. The element is, therefore, almost the universal indicator ol mineralization.
The other elements of almost universal occurrence in mineral deposits are boron
and sulphur. These three elements used on conjunction with one another provide a
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- formidabie array of indicators in geochemical prospecting for practically all lypes of
deposits. Where one element [ails to serve another will in most cases.” (Note:
phosphate fertilizer may contain F which can result in high values for streams).

GOLD (Aw)

laneous rocks (ppm): Av 0.004; Maric 0.004; INTER 0.004; FELSIC 0.004.
SEDIMENTARY ROCKS (ppm): SH 0.004; Ls 0.005.
Sous (ppm): Av 0.001.
SURPACE WATERS (ppb): Av 0.002.
VEGETATION AsH (ppm): 0.005; the value of biogeochemical methods in gold
exploration are dubious at present.
EOCHEMICAL ASSOCIATIONS: Siderophile (also nobie); in quartz veins genersily with
$i0,, Ag, As, 50, S, snd Fe; Fe, Zn, Pb, Cu, and Mo in sulfide deposits; in placers
with U (South Africa), or other elements in heavy minerals.
ORE MINERALS: native gold, tellurides.
_ SUBSTITUTIONS IN: native silver, in sulfides it probably occurs as minute inclusions
and not ih isomorphous substitution.
SOILS; COCURRENCE IN: dissolved and re-precipitated native gold.
AQUEOUS PHASE: soluble organic complexes, chloride complexes, and other mechan-
isms have been proposed.
MOSILITY — PRIMARY ENVIRONMENT: concentrates in hydrotherma! veins; also con-
centrated in some porphyry copper deposits.
MOBILITY — SECONDARY ENVIRONMENT: for sll practical purposes only mechanical
mobility as native gold.
GBOCHEMICAL BARRIERS: mechanical (Table 2A-1).
AU S A PATHFINDER FOR: has been proposed for porphyry copper (p. 54).
PATHFINDERS FOR AU ARE: Ag, As, Sb, Bi, and W in placers or rocks (Te and Hg
g\ b0 in some cases); the same elements plus Cu, Se and Te in plant ash may be use-
ful indicators.
Coml!‘ms. See Boyle (1974a) for further information.

LEAD (PV)

Ianeous rocuks (ppm): Av 13; MARC §; INTER 15; FeLsic 20.
SEDIMENTARY ROCKS (ppm): SH 20; BLSH 20-70; Ss 7, Ls 8.

Sous (ppm): Av 20. RANGE 2-200;, Teme 40; ARID 20; Tror (Hum) 20.
SURPACE WATERS (ppb): Av ).

VEGETATION AsH (ppm): 10; generally fair to good biological response; can cause bar-
ren areas (Fig. 10A-2).
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GEOCHEMICAL ASSOCIATIONS: Chalcophile; most lead deposits contain Ag, Zn, Cd
and Cu; sulfide deposits with Pb contsin Ag, Zn, Cd, Cu, Ba, Sr, V, Cr, Mn, Fe,

Ga, In, T1, Ge, Sn, As, Sb, Bi, Se, Hg, and Te. In carbonates (Mississippi Valley
type) with Zn and Cd.

ORE MINERALS: galena.

SusstrruTions in: K-feldspar, plagioclase, mica, zircon, magnetite (Table 2A-4).
SOILS; OCCURRENCE IN: relatively stable galena, anglesite, and cerussite in heavy frac-

tions; ionic Pb2+ sccumulates by adsorption in humic and clay horizons.
SECONDARY MINERALS: cerussite, anglesite, pyromorphite.

AQUEOUS PHASE: ionic Pb?* in most waters; complexing with chloride in brines.

MOBILITY — PRIMARY ENVIRONMENT: high; accumulates in granitic rocks and
hydrothermal veins; forms supra-ore halos (Figs. 7-5, 7A-10, TA-11).

MOBILITY - SECONDARY ENVIRONMENT: generally low in most oxidizing and gley
environments but immobile in reducing sulfide environment; forms very insoluble
carbonate, sulfate, and phosphate minerals; galena, cerussite, and anglesite move
mechanically in the heavy fractions of sediments and soils.

GEOCHEMICAL BARRIERS: sulfide; carbonate; sulfate; adsorption; pH (pH ol'
hydrolysis = 6.0). ‘

P2 1S A PATHFINDER FOR: Pb deposits; U deposits; polymetallic vein deposits.

PATHFINDERS FOR P ARE: Zn, Cd, Ag, Cu, Ba, As, and Sb.

CoMMENTS: The use of isotopic analysis of lead miners!s (discussed in Chapters 7 and
7A) has significant exploration potential.

LITHIUM (L)

Janeous rocks (ppm): Av 20; MaFC 10; INTER 25; FeLsic 30.

SEDIMENTARY ROCKS (ppm): SH 60; Ss 15; Ls 20.

SoiLs (ppm): Av 30. RANGE 5-200; Temr 30; AriD 30; Tror (Hum) 30.

SURFACE WATERS (ppb): AV 3.

VEGETATION ASH (ppm): 6; biological response good.

GEOCHEMICAL ASSOCIATIONS: Lithophile; Li, Be, B, K, Rb, Cs, Nb, Ta, F, P, S0, W
and rare earths in granite pcgmatites; Li, B, F, Be, Sn, W, and Mo In greisens; LI,
Na, K, B, P, W, F, Br, 1, I, SO, and CO, in bdrines and safinc evaporites (e.g.,
Searles Lake, California).

ORE MINERALS: spodumene, lepidolite, amblygonite; also economic deposits in brines
(Seartes Lake; Silver Peak, Nevada; Great Salt Lake, Utah).

SUBRSTITUTIONS: for Mg in micas (especially biotite) and hornblende.

SOILS. OCCURRENCE IN: Mn oxides (p. 115) and clays.

AQUEOUS PHASE: ionic Li*.

MOBILITY ~ PRIMARY ENVIRONMENT: high; concentrates in granites and pegmalites.

MOBILITY — SECONDARY ENVIRONMENT: relatively mobile in all environments
{although it is the least mobile of the alkalis).
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GEROCHEMICAL BARRIERS: adsorption (by Mn oxides and clays).

LIS A PATHFINDER FOR: pegmalite deposits, hydrothermally altered tufls containing
Be and Nuorite (Spor Mtn., Utah); greisens; deep-seated drines containing Li by
analyzing vegetation (Cannon ¢t al, 1975); recognizing mineralized granites
(Tables 7-1, 7-2, 2A-9).

PATHPINDERS FOR L1 ARE: Li, Sn, Nb, W, etc., in heavy resistate mincrals of soils snd
sodiments in pegmatite and greisen areas; B and W for Li-containing brines.

COMMENTS: See Boyle (1974a) for additional information.

MERCURY (Mg)

loneous rocks (ppm): Av 0.08; Maric 0.08; InTer 0.08; FeLsic 0.08.

, S*DIMENTARY rOCKs (ppm): SH 0.; S5 0.07; Ls 0.0S.

i as(ppm): Av0.03.

SURPACE WATERS (ppb): Av 0.007; up to 200 ppb in waters from hot springs.
VEQETATION AsH (ppm): 0.001: biological response for exploration purposes
waknown. :

- (BOCHEMICAL ASSOCIATIONS: chalcophile; Hg, Sb, As and sometimes Sa and W, in

. some gold-quartz and silver (c.g., Cobalt type) veins; in some Zn vein deposils.
ORE MINERALS: cinnabar, native mercury.

- SUBSTITUTIONS IN: sphalerite (Tabile 2-35), tetrahedrite, tennatite, and other sulfides.
SONS; OCCURRENCE IN: cinnabar, native mercury, Hg vapor, and organic complexes.
AQUEOUS PHASE: probably as soluble sulfide complex (especially in thermal waters),

and as organic complexes.
MOBILITY — PRIMARY ENVIRONMENT: highly mobile; concentrates in late stage, low
. lemperature veins and stockworks; forms supra-ore halos.
MOBILITY — SECONDARY ENVIRONMENT: low in surface waters; high in thermal waters;
high in vapor phase; also mechanica! transport (in the heavy fraction) because cin-
. nabar is very stable.
& CHEMICAL BARRIERS: sulfide, adsorption (by organic matter).

HO 18 A PATHFINDER POR: base metal (particularly Zn-Pb-Ag) deposits; certain types

of Avw deposit (e.g., Carlin-type).

PATHPINDERS POR HG ARE: Sb and As; high content of Hg in placer gold suggests

proximity to Hg deposits.

CoMMENTS: Discussions on the use of Hg in geochemical exploration will be found in

Chapters 7 and 7A. Instrumentation is discussed in Chapters 6 and 6A.

MOLYBDENUM (Me)

lgneous Rocks (ppm): Av 1.5; MARC 1; INTER |; FELSIC 2.
SEDIMENTARY ROCKS (ppm): SH 3; BLSH 10; S5 0.2, Ls 1.
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SoiLs (ppm): Av 2. Temr 1-5; Aribp 2-5; Tror (Hum) 1-5.

SURFACE WATERS (ppb): AV 1.

VEGETATION ASH (ppm): 9. good biological response (Tables 10A-1, 10A-2).

GEOCHEMICAL ASSOCIATIONS: Chalcophile and siderophile: Mo, W, Re, Cu, Sn, Be,
B, F, P, Zn, Bi, and Fe in pegmalites; Mo, Bi, W, F, and Be in griesens; Mo, Cu,

Re, Ag. Au, and Zn in prophyry copper deposits; Mo, U, Se, V, and Cu in
sandstone-type U deposits.

ORE MINERALS: molybdenite, minor powellite and wulfenite.

SUBSTITUTIONS: for W in (ungsten minerals (e.g., scheelite and woiframite); does not
substitute in silicates or sulfides to any significant degree.

SOILS; OCCURRENCE IN: molybdenite, ferrimolybdite, wulfenite, snd powellite;
adsorbed on organic matter (Fig. 3-18) and limonite.

SECONDARY MINERALS: ferrimolybdite, powellite, wulfenite; secondary molybdenite
(in hydrogen sulfide environment); aiso as ilsemannite (MoyOy-nH,0), which
occurs as a deep biue stain, and is the result of Mo in molybdate-containing solu-
tions being reduced from Mo#+ to Mo+ (as in the sandstone U deposits in the
uUSs.).

AQUEOUS PHASE: molybdate (MoOg2-; Fig. 3-20).

MOBILITY — PRIMARY ENVIRONMENT: high; enriched in graniics, pegmatites, high
temperature hydrothermal veins, and porphyry copper deposits.

MOBILITY — SECONDARY ENVIRONMENT: high in oxidizing, alkaline environments but
low in scidic (the reverse of copper); Jow in reducing environments; mobility
restricted by presence of Pb (forms wulfenite), Fe (forms ferrimolybdite), and
carbonate (forms powellite); molybdenite weathers slowly in some climates and
may be found as detrital grains in the heavy fractions of solls and sediments.

GEOCHEMICAL BARRIERS: sulfide; reducing; edsorption; special lons (¢.3., Pb, Fe, car-
bonate).

MO IS A PATHFINDER POR: molybdenum, porphyry copper, and sandstone-type U
deposils. »

PATHFINDERS FOR MO ARE: Cu, W, and Bi; F and some of the other associated ele-
ments in some types of occurrences.

COMMENTS: Mo is an excelient indicator of deposits containing this clement and can
be determined in all types of surveys utilizing soils, sediments, spring precipitates,
vegetation, bogs, etc. Boyle (1974a) notes that during the weathering of deposits
that contain both quartz and molybdenite, the highly resistant quartz in eluvium,
soils and sediments should be examined closely (or the presence of molybdenite;
this applics particularly to cobbles and boulders which are not normally collected

for analysis. See Boyle {1974a) for additional information on the geochemistry of
Mo.
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NICKEL (ND)

loneous rocks (ppm): Av 75, MarRc 150; INTER 20; Fersic 0.5.

SEDMMENTARY ROCKS (ppm): SH 70; BLSH $0-200;Ss 2; Ls 12,

SosLs (ppm): Av 30. RANGE 5-500; TEMP 25; ARID 50; Tror (Hum) 40.

SURPACE WATERS (ppb): Av0.).

VeOETATION AsH (ppm): 20; biological response good (see discussion of Ni hyperac-
cumulators in Chapter 10A).

GBOCHEMICAL ASSOCIATIONS: Siderophile (siso chacophile); Ni, Co, Fe, Cu, Au, Ag,
Pt metals, Se, Te, As and S in massive sullide deposits (e.g., Sudbury); Ni, Co, Fe,
Cu and S in veins and sulfide lenses; U, Cu, Ag, Co, Ni, As, V, Se, Auand Mo in
unconformity U deposits (e.g., Key Lake, Sask.); Ni, Co, Fe, Mn and Cr In
residual lsterite deposits (Fig. 3-12); Mn, Ni, Cu, and Co in deep sea Mn nodules
(Tabile 3-10).

{  MENERALS: pentlandite, nickeliferous pyrrhotite, niccolite, nickeliferous laterites,
Mn nodules.

SUBSTITUTIONS IN: olivine (up to 5000 ppm), Mg-pytoxenes, smphiboles, and micas;
pyrite, chalcopyrite, and other sulfides.

SOILS; COCURRENCE: adsorbed on Fe oxides (limonite and laterites) and Mn oxides;

_ sdsorption by organic matier in soils and bogs; hydrous Ni silicates.

SBOONDARY MINERALS: gamnierite and other hydrated Ni sificates (including Ni-bear-

. ing serpentine).

AQU20US PHASE: lonic Ni2+,

MOSILITY — PRIMARY ENVIRONMENT: low; concentrates in ultramafic and basic rocks
{average content 2000 ppm).

MOBILITY — SECONDARY ENVIRONMENT: good in oxidizing acidic or reducing gley
.cnvironments; immobile in alkaline (pH of hydrolysis = 6.7) or reducing
hydrogen sulfide environments; often enriched in spring precipitates.

GBOCHEMICAL BARRIERS: sulfide, adsorption, pH.

Ng 1S A PATHRINDER POR: all types of deposits in which it occurs (e.g., massive sulfide,

* &  netal, certain uranium deposits).

PATHFINDERS FOR NI ARE: nickel itself; Cu, Co, As, and Cr (heavy mineral surveys of
soils and glacial tills using these clements are often very effective); Pt and Pd in
doeply westhered lateritic terrain as in Western Australia (Table 3A-1).

CommenTs: Ni is a good indicator in pnctlally all types of surveys using most sam-
pling media.

NIOBIUM (N®»)
loneous Rocks (ppm): Av 20; MaRC 20; INTER 20; FELSIC 20.

SEDIMENTARY ROCKS (ppm): SH 20;Ss < 1: Ls 0.3,
SoiLs (ppm): Av 15.
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VEGETATION ASH (ppm): 0.3; biological response possible, but not well documented
(see Table 10A-2).

GEOCHEMICAL ASSOCIATIONS: Lithophile; Nb, Ta, Sn, W, Li, Be, Ti, Rb, Cs, U, Th,
B, Zs, Hf, P, F, and rare-carths in granite and syenitic pegmatites; Nb, Ta, Na, K,
Ba, S1, Ti, Zr, U, Th, Cu, Zn, P, S, F, and rare-carths in carbonatites; Nb, Ti, Ga,
Be, and Al in bauzxite developed on alkalic rocks.

ORE MINERALS: pyrochiore, columbite-tantalite.

SUBSTITUTIONS IN: rutile, ilmenite, sphene, cassiterite, zircon, and blotite.

SOILS; OCCURRENCE: a3 heavy resistate minerals.

AQUEOUS PHASE: Nb is insoluble in most natural waters, however, precipitates from
springs in carbonatite areas may have high contents of Nb.

MOBILITY — PRIMARY ENVIRONMENT: high; concentrates in albitic granites, peg-
matites, and carbonatites.

MOBILITY — SECONDARY ENVIRONMENT: a3 detrital heavy minerals.

GEOCHEMICAL BARRIERS: mechanical.

NB IS A PATHFINDER FOR: carbonatites; placer deposits which may also contain Au, Ti,
Sn, W, rare-carths, and other elements.

PATHFINDERS FOR NB ARE: F, P, Ba, Sr, rare-earths, etc. for carbonatile occurrences;
Ll, Be, W, Z1, B, Rb, Cs, Mo, etc., for pegmatite occurrences; depending on the
geochemical characteristics of the individual pathfinder elements, they may be
either in the light or heavy fraction of soils or sediments, and some may be in solu-
tion.

CoMMENTS: Tantalum always sccompanies Nb in alf Nb minerals (solid solution
series Nb-Ta) and minera! deposits. Usually Nb predominates over Ta by s factor
of 10; however, in some minerals and in some carbonatites, Ta> Nb. Ta has essen-
tially the same geochemical characteristics as those listed above for Nb, and the
same geochemical techniques used to search for Nb apply to Ta.

PLATINUM (Pt

laneous rocks (ppm): Av 0.002; MaRC 0.02; FeLsic 0.008.

GEOCHEMICAL ASSOCIATIONS: Nobie and siderophile; Pt, Ni, Cu, Co, As, Ag, and Au.
with minor Te, Bi, Sn and Sb, where Pt is a minor constituent (< 0.5 ppm Pt) in
massive Ni-Cu sulfide ores containing sperrylite (Sudbury type); Pt, Ag, Au, Cr,
Fe, Cu, Ni, Co and S in sulfides (Merensky Reef, South Aflrica; see below).

ORE MINERALS: various Pt arsenides (e.g., sperrylite), sulfides (e.g., braggite), Bi-
tellurides (e.g., moncheite), and compounds with Sb, Sn, Hg and Fe; aiso native
Pt, Os-Ir, etc.

SUBSTITUTIONS IN: chromite; reportedly in solid solution in pyrite, pyrrhotite, and
pentlandite at Merensky Reef (Boyle 1974a).

SOILS. OCCURRENCE IN: native platinum; chromite; intergrown with heavy resistate
minerals (e.g., chrome-spine!).
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MOBILITY — PRIMARY ENVIRONMENT: low;, concentrates in dunitic ultrabasic rocks
containing Cu-Ni sulfides (typically pyrrhotite, pentiandite, chalcopyrite); associ-
sted minerals are olivine, chrome-spinel, chromite, magnetite.

MOBILITY — SECONDARY ENVIRONMENT: only as detrital grains of native platinum
which form placers.

GEOCHEMICAL BARRIERS: mechanical.

Pr 8 A PATHFINDER FOR: Ni sulfide deposits in Western Austealin by snalyzing
gossans (sec Table JA-1).

PATHPINDERS FOR PT ARE: Ni, Cu, Cr, Co, Se, and Te; mineralogical identification of
Cr-spinel, chrome-magnetite, olivine, and chromite in geologically favorable aress
with ultrabasic rocks (including serpentinites) using heavy mineral concentrates.

COMMENTS: The term *‘platinum metals™ or “platinoids’ applies to six elements:
Ru, Rh, Pd, Os, Ir and Pt which are geochemically closely associated. Minerals of
the It group may contain all six elements in varying proportions (e.g., in Alaskan
slacers, usually Pd>Pt). Platinum element mines in South Africa {Merensky
Reef), which are among the richest in the world, contain only approximately 8 ppm
(0.25 oz/10n) total platinoids.

Dats sre lacking for the behaviour of Pt during weathering, transport
mechanisms in aqucous medis, biogeochemistry, and for many other geochemical
parameters. Excellent reviews of Pt geochemistry have been prepared by J. H.
Crocket (in Wedepohl, 1969) and Boyle (1974a). The latter lists 14 types of
deposits in which Pt group metals are concentrated; most are not economic at this
time.

RADIUM (Ra)

Rocus (ALL TYPES): The nuclel ratio Ra/U at equilibrium is J 42 x 107, half-life of
1%Rg is about 1600 years.

" £ PACEWATERS: Av 0.1 — 1.0 picocuries/liter (pCi/l).

VEGETATION ASH (ppm): average values not available; biological response excelient
(see Table 10A-1; Figs. 10A-1 and 10A-5).

GROCHEMICAL ASSOCIATIONS: Lithophile; 35U, 29Th, 26Rg, 2IRn, 24Bi, and WPH in
ursnium deposits which are in equilibrium (Fig. 3A-12); Ra and Ba in weathering
products (e.g., gossans) generally as radiobarite (Ba, Ra) SO,; Ra, Mn, Fe in pre-
cipitates from springs; Ra and organic matter in bogs, or as thucolite. (Sevenl
other Ra isotopes are known of which 28Ra, with a half-life of 6.7 years, has poten-
tial in exploration for Th.)

ORE MINERALS: none; if recovered (which today is for environmental as opposed 10
economic reasons) it is as & by-product of U or Th processing.

SUSSTITUTIONS IN: radiobarite; slso in radio-calcite, radio-opal, and Mn-Fe oxides st
spring deposits.
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SOILS; OCCURRENCE IN: radiobarite, adsorbed on Mn-Fe oxides, or in U or Th
minerals.

SECONDARY MINERALS: radiobarite, Mn-Fe oxides, and other minerals mentioned
above. '

AQUEOUS PHASE: ionic Ra?+; very soluble.

MOBILITY — PRIMARY ENVIRONMENT: high; similar to Ba.

MOBILITY — SECONDARY ENVIRONMENT: high, but mobility reduced by the geochemi-
cal barriers listed below; soluble in sll types of waters (surface, ground, and lake).

GEOCHEMICAL BARRIERS: cocrystallization (with Ba in radiobarite or Ca in radio-
cakcite); coprecipitation (with Fe-Mn oxides); adsorption (by Fe-Mn oxides, clays
and organic matter).

RA IS A PATHRINDER FOR: U and Th deposits of all types; other types of deposits con-
taining U or Th as accessories (e.g., rare metal pegmatites, carbonatites).

COMMENTS: Modemn exploration geochemists concerned with search for uranium
must understand: the concepts of disequilibrium in the U series; the relationships
between Ra and U, and between Ra, Rn and 24Bi; false anomalies which may
result from the fractionstion of Ra from its parent and dsughter nuclides;
geochemical barriers for Ra; limitations and pitfalls in the use of radon techniques;
and other aspects of the mobility of U and its dasughter nuclides in the secondary
environment. These are dheu-ed in Chapter JA and in other parts of this book
(see index).

RADON (R»)

ROCKS (ALL TYPES): The nuclei ratio Rn/U at equilibrium Is 2.3 x 1012; haif-life of
1R is about 3.8 days.

SURFACE WATERS: 0-5 pCi/l in lakes; 5-100 pCi/1 in streams; 100-1000 pCi/1 in wells
and springs.

VEGETATION ASH (ppm): Average value not available; dependent upon amount of Ra
in the vegetation.

GEOCHEMICAL ASSOCIATIONS: Lithophile; 222Rn Is a decay product of 7¢Ra in the 32U
series, hence, the association 37Rn and 1¥Ra, and 2iso 222Rn snd 214B} (see Fig.
3A-12). Several other Rn isotopes are found in nature (0Rn in the DITh series
and "R n in the 23U series) but because of their very short hall-lives (in seconds)
they are not important in exploration.

SOILS; OCCURRENCE IN: all uranium minerals; radiobarite; soil gas; dissolved in soll
waters and groundwater.

AQUEOUS PHASE: Rn gas is soluble in water.

MOBILITY — PRIMARY ENVIRONMENT: potentially high, but limited by its short half-tife
(3.3 days) and the emanation coeflicient of radioactive minerals.

MOBILITY ~ SECONDARY ENVIRONMENT: potentially high; limited by its short half-life,
emanation coefTicient, and physical characteristics of the host formation.
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GEOCHEMICAL BARRIERS: short hall-life; emanation coefficient of parent Rs-contala-
ing mineral; physical characteristics (e.g., permeability) of host rock or other for-
mations through which Rn sttempts to transgress.

RN I3 A PATHFINDER FOR: uranium and thorium deposits; other types of deposits con-
tsining U or Th as sccessories (e.g., rare metal pegmatites, carbonatites); the value
of Rn is based upon the fact that it is a gas which, in theory at least, can migrate
upwards 30 thst concealed deposits can be detected.

CoummenTs: Comments under ‘*‘Radium’’ are applicable to radon.

RARE EARTH ELEMENTS (RE or REE) (see Cedn:n)

SELENIUM (Se)

loNeous nocks (ppm): Av 0.05; MARNC 0.0S; FeLsic 0.05.

SeDIMENTARY ROCKS (ppm): SH 0.6; Ls 0.08. -

Soas (ppm): Av0.2.

SurPaCE waTERS (ppb): Av 0.2,

VBOETATION ASH (ppm): |; biological response good particularly as a geobotanical
indicator and as a biogeochemical sampling medium for Se-contsining U ores in
the western U S.

GROCHEMICAL ASSOCIATIONS: Chalcophile; Se, Hg, As, Sb, Ag, Cu, Zn, Cdand Pb in
polymetallic sulfide ores; Cu, Ni, Se, Ag, Co, elc., in copper-pyrite ores (e.g., Sud-
bury); U, V, Se, Cu, Mo in sandstone U ore; Au and Ag seienide ores.

ORE MINERALS: none; by-product from refining of sulfide (primarily Cu) ores; also
recovered as nstive Se from some sandstone-type U ores.

SUBSTITUTIONS IN: pyrite, chalcopyrite, pyrrhotite, and sphalerite (Table 2-5), and in
other sulfide minerals, substituting for S.

SOILS; OCCURRENCE: adsorbed on iron oxides (gossans) and on clay minerals; native
Se.

SEROONDARY MINERALS: native Se, secondary selenides.

AQUEOUS PHASE: a3 ionic selenite (possibly as selenate); similar to sulfate in its
mobility.

MOBILITY — PRIMARY ENVIRONMENT: accompanies S separated (rom magmas; hence
may be found in sulfides from basic to hydrothermal deposits with some changes in
S:Se ratio; also forms selenides at hydrothermal stages.

MOBLITY — SECONDARY ENVIRONMENT: good in oxidizing, scid, and alkaline environ-

ments; immobile in reducing environments (similar to S); Se-bearing sulfides and
selenides weather easily resulting in selenite ions.
GRBOCHEMICAL BARRIERS: reducing, adsorption.
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SE IS A PATHFINDER POR: sandstone, classical vein, and unconformity types of
uranium deposits; polymetaliic sulfide deposits; some Au-Ag deposits; Ni sulfide
deposits in Western Australia by analyzing gossans for Pt, Pd, and Se (see Table
3JA-1).

COMMENTS: Se is related to S in its biological behavior and certain plants are Se
accumulators whereas it is toxic 1o other forms of vegetation (also to cattle snd
other snimals). Most of the successes with vegetation surveys (both geobotanical
and biogeochemical) based op Se are limited, st least to this point, to the U-bear-
ing regions of the western United States (pp. 393-395). However, Se in plants has
potential in exploration for gold and other ores in which Se is present.

SILVER (Ag)

1ONEOUS ROCKS (ppm): Av 0.07; MAFC 0.1; InTER 0.07; Frosic 0.04.

SEDIMENTARY ROCKS (ppm): SH 0.05; BLSH < 1-§; Ss <0.01;Ls 1.

Sorms (ppm): Av 0.1,

SURFACE WATERS (ppb): AV 0.3,

VEGETATION AsSH (ppm): 1; biological response of vegetation for Ag is poor (Table
10A-1) but anomalies can be detected (Tsbles 10-2, 10A-2).

GEOCHEMICAL ASSOCIATIONS: Chalcophile; Pb, Zn, Cd, Ag, Hg, As, Sb, Se in com-
plex sulfides; Ag, Ni, Co, Fe, S, As, Sb, Bi (and U) in native Ag deposits contain-
ing Ni-Co arsenides (Cobalt type); U, V, Se, As, Mo, Pb, Cu, Ag, etc., in Cu-U-V
“red bed™ sandstone deposits; U, Cu, Ag, Co, Ni, As, V, Se, Au and Mo in
unconformity vein uranium deposits {¢.g., Key Lake, Sask.); Au, Ag. Te and Hg
in veins: Cu, Mo, Ag (and Au) in some porphyry copper deposits.

ORE MINERALS: natlve silver, argentite, tetrahedrite, Ag-bearing galena.

SUBSTITUTIONS IN: galena, sphalerite, chalcopyrite (Table 2-5). other sulfides;
arsenides and antimonides (particularly tetrahedrite); native copper, siso in nearly
all silicates but seldom exceeding 500 ppb (0.5 ppm), possibly replacing Na.

SOILS. OCCURRENCE: enriched in A (humic) horizons (Fig. 3-3); adsorbed by Mn and
Fe oxides. .

SECONDARY MINERALS: cerargyrite, secondary native silver.

AQUEOUS PHASE: various chloride complexes with Na and K| complex sulfide,
polysulfide and hydrosulfide ions; soluble organic complexes.

MOBILITY — PRIMARY ENVIRONMENT: high; concenirates in late hypogene vei‘ns and
stockworks (e.g., some porphyry copper deposits); in veins with carbonates or
barite (Au is ususily found with quartz); forms supra-ore halos (Figs. 7-5, TA-9).

MOBILITY — SECONDARY ENVIRONMENT: slightly mobile in oxidizing. acid and gley
environments; immobile in reducing and slkaline environments; concentrated in
supergene enrichment zones (p. 84); mobility reduced by precipitates (e.g., Pb)
and adsorption; mobility increased by certain complenes (e.g., thiosulfste); Ag
only rarely forms placers.
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GEBOCHEMICAL BARRIERS: sulfide; pH; adsorption (by humic materisls, Fe and Mn
oxides); ionic precipitstes (precipitated by Pb, Cl, chromate, arsenate).

AQ IS A PATHFINDER FOR: Au-Ag veins; some types of U deposits; some types of
porphyry copper deposils; other types of deposits in which it occurs.

PATHMINDERS POR AG ARE: Ni, Co, As, Sb and Bi in native Ag deposits (Cobalt type);
where U occurs in native Ag veins, it (U) may be used; Hg in some types of
deposits; Ag is a good indicator of its own deposits.

CoMMENTS: Boyle (1974a) notes that ground and surface waters in the vicinity of Ag
deposits are frequently enriched in Ag and other elements, particularly Ni, Co, U
and As (Table 3-2; see atso Table 3A-4 which confirms the use of Ag in certain
hydrogeochemical surveys).

T

TANTALUM (Ta) (soc Niobium)

TELLURIUM (Te)

lonzous rocxs (ppm): Av 0.001; Marc 0.001; INTer 0.001; FeLsic 0.001.

SepeeNTARY ROCKS (ppm): SH0.01.

GROCHEMICAL ASSOCIATIONS: Chalcophile; Ni, Cu, Co, Te, etc., in pyrrhotite-pent-
landite mafic sulfide ores with chalcopyrite {e.g., Suddbury); Au-Te in sulfide-bear-
ing veins (e.g.. Cripple Creek, Colorado); Au, Ag, Te, Hg in high tempersture
veins; Cu, Mo, Te, S in some porphyry copper deposits (e.g., western US.);

. polymetallic sulfide deposits with Pb may contain Te.

ORE MINERALS: none; Te is a by-product of the smelting of Ni-Cu massive suifide
ores, and polymetallic ores (particularly those containing Pb).

. SUBSTITUTIONS IN: pyrite (particularly of high temperature sedimentary origin);

" {_ slybdenite; native gold and silver.

SOILS; OCCURRENCE: as sisble tellurides in some environments; in highly oxidizing
enviconments, Te may occur as native tellurium or be oxidized 10 TeO,; also as
teflurites and tellurates.

SECOMDARY MINERALS: various rare tellurites (e.g., emmonsite) and lellurates (e.g.,
ferrotellurite), TeO, (tellurite or paratellurite), and native tellurium.

AQUEOUS PHASE: mostly as tellurite (TeO,1).

MOBILITY — PRIMARY ENVIRONMENT: accompanies sulfur in sulfides separated from
magmas ranging from mafic to high temperature hydrothermal; forms extensive
primary halos (see Fig. 7-3).

MOBILITY — SECONDARY ENVIRONMENT: very low mobility in solution; primary
tellurides are very stable in most environments and may accumulste in placers
with gold and other heavy minerals.

UVINCDSMICA] CRAAIBOIC1151AD 51 OSisnion Sicuutuie

GEOCHEMICAL BARRIERS: mechanical.

Te 18 A PATHFINDER FOR: Au-Te veins; polymetallic sullide deposits (e.g., Coeur
d’Alene, Idaho, Fig. 7-3); some porphyry ores (¢.g., Ely, Nevada).

COMMENTS: Many aspects of the geochemistry of Te (e.g., abundances in sedimen-
tary rocks, soils, vegetation, waters) are poorly known. Interest in Te is based on
its potential in lithogeochemical surveys as it forms extensive primary halos which
may permit the detection of blind ore bodies. Te may also be detected in soils

developed on primary halos (see Watterson et. sl., 1977, for additional informa-
tion).

THORIUM (Tw)

laneous rocks (ppm): AV 10; MARC 2; INTER 10; FELSIC 17,
SEDIMENTARY ROCKS (ppm): SH 12; S8 2; Ls 2.

SoiLs (ppm): Av 13,

SURFACE WATERS (ppb): Av 0.1,

VEGETATION ASH (ppm): insufficient dats; biological response to Th Is negligible;
however, associated elements may be good (particularly Ra; Figs. 10A-1 and
10A-5).

GEOCHEMICAL ASSOCIATIONS: Lithophile; in general the association K, Thand U is
"found throughout the magmatic crystallization sequence; the deposits and associ-
ations of Th are essentislly the same as those mentioned for cerium (as representa-
tive of the rare-carths) and uranium; see entries for Cerium and Uranium.

ORE MINERALS: Chiefly thorivm-rich (up 1o 18% Th) monazite; the polymorphs
thotite and huttonite (ThSiO,), and thorianite (ThO,).

SUBSTITUTIONS IN: monazite, zircon, sphene, allanite, xenotime, uraninite.

SOILS; OCCURRENCE IN: primarily resistate, clastic and transported minerals and rock
fragments; Th (up to 50 ppm) in laterites is due in part to Th in zircon and in part
to possible adsorption by aluminum hydroxides.

SECONDARY MINERALS: none.

AQUEOUS PHASE: none.

MOBILITY — PRIMARY ENVIRONMENT: high; concentrates in late stage granites and
pegmatites; highly concentrated in some alkalic rocks, including carbonatites.

MOBILITY ~ SECONDARY ENVIRONMENT: only as clastic and detrital mineral phases in
the heavy fractions of soils, sediments, giacial debris, etc.; forms placers (e.g.. Th-
rich monazite).

GEOCHEMICAL BARRIERS: mechanical (placers); (adsorption by clays and sluminum
hydroxides is minor).

TH 1S A PATHFINDER FOR: deposits containing the rare-earths, Nb and Ta (eg.,
monazite and other minerals in carbonatites or pegmatites); some U deposits in
hydrothermal veins (e.g.. Boksn Mtn., Alaska); U, Au, Th, RE, etc., in placers.
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PATHFINDERS FOR TH ARE: rare-carth elements, Nb, Ta, and F for carbonatite occur-
rences; U, RE, Nb, Ts, Zr, Ti, etc., for placer occurrences.

COMMENTS: Th may be detected by gamma radiosctivity from the isotope M|
(which has a difTerent energy level than that of 214Bi); caution must be exercised to

easure that the source of the gamma radiation (whether it is from a decay product
of U or Th, or both) Is properly interpreted.

TIN (Sa)

laneous rocks (ppm): Av 2; MaRC 1; INTER 2; FELSIC 3.

SEDIMENTARY ROCKS (ppm): Su 4; Ss <1; Ls4.

Sons (ppm): Av 10. TEMP 2-10; ARID 3-50; Tror (Hum) 3-20.

Surrace wATERS (ppb): insufficient data.

VEOETATION ASH (ppm): 5; biological response (o Sn is apperently satisfactory based
on dats in Table 10A-2 but specific details are lacking.

GEBOCHEMICAL ASSOCIATIONS: Lithophile; Sn, W, Nb, Ta, Be, B, Li, Rb, Cs, and rare-
carths in pegmatites; Sn, W, B, F, Be, eic., in veing and greisens (gangue minerals
lnclude quartz, fuorite, Li-micas, topaz snd tourmaline); Sa, 8, F (and As) in
cassiterite pipes (e.g., Australia and South Africa).

ORE MINERALS: cassiterite, stannite.

SUBSTITUTIONS IN: biotite, muscovite, sphene, rutile, tourmaline, magnetite,
smphiboles. .

SOILS; OOCURRENCE IN: residual cassiterite; possibly some Sn in aluminum oxides.

SECONDARY MINERALS: none.

- AQUEDUS PHASE: possibly as ionic Sn2* in very acidic waters (pH of hydrolysis =
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2.0).

MOBILITY ~ PRIMARY ENVIRONMENT: high. enriched in high temperature
pneunstolytic and hydrothermal deposits, granites, pegmatites, and greisens.

“OBILITY — SECONDARY ENVIRONMENT: effectively immobile in solution; mainly as
detrital cassiterite which forms placers.

GEOCHEMICAL BARRIERS: mechanical for cassiterite; pH for Sn?*.

SN I3 A PATHFINDER FOR: rare metal pegmatite and greisen deposits by determining
cassiterite in the heavy fractions of soils, sediments (in streams, lakes or oceans),
or in glacial materials.

PATHFINDERS FOR SN ARE: Sn is a good indicator of its own deposits. High Sn contents
in pegmatitic muscovites indicate favorable pegmatites. High Sn in granites indi-
cate potentisl Sn-bearing plutons (sce Tables 7-2 and 2A-8). Cassiterite in heavy
fractions of soils, sediments or glacial materia! is particularly effective in locating
primary tin lodes and their derived placers. Fe-Mn precipitates at spring orifices
may contain Sn, W, Li or other clements associated with Sn deposits.

COMMENTS: See Boyle (1974a) for additiona! information.
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TUNGSTEN (W)

IGNEOUS ROCKS (ppm): Av 1.5; MAFIC 1; INTER 2; FELSIC 2.

SEDIMENTARY ROCKS (ppm): SH 2; Ss 1.6, Ls 0.5,

SoiLs (ppm): insufficient data.

SURFACE WATERS (ppb): Av 0.03.

VEGETATION ASH (ppm): average conceatration value not available; biological
response reasonably good (Table 10A-1); probably best for scheelite ores in soils
wilhlowpﬂlnomttomobiliulhew (sce Quin et al,, 1974).

GEOCHEMICAL ASSOCIATIONS: Lithophile; W, Mo, Sa, Cu, As, Nb, Te, Bi, LI, B, P
Mmmmmmmmmwmmm
W, Mo, Bi, Cu, Pb, Zn, S, As, Au, Ag, Band Fin skam deposits with scheelite as
the principal W mineral.

ORE MINERALS: scheelite, wolframite. .

SUBSTITUTIONS IN: muscovite, Nb-Ta minerals (up to 1% W), Mn oxides (particularly
near hot springs); in powellite and wulfenite substituting for Mo.

SOILS; OCCURRENCE IN: tesistate scheelite and wolframite, and possibly the secondary
minerasls listed below.

SECONDARY MINERALS: tungstite (WO,-H,0) and ferritungstite under conditions of
acid weathering.

AQUEQUS FHASE: a3 tungstste in alkaline waters (sce below), polytungstates and com-
plexes (but not ionic). _ .

MOBILITY — PRIMARY ENVIRONMENT: high; concentrates in late crystallizing phases
such as granites, pegmatites, and high temperature hydrotherma! veins; forms
sub-ore halos (Fig. TA-6).

MOBILITY — SECONDARY ENVIRONMENT.: slightly mobile in alkaline solutions; primari-
ly as detrital grains of wolframite and scheelite in heavy fractions. _

GEOCHEMICAL BARRIERS: pH (slightly soluble only in alkaline walers); adsorption by
Mn in sediments, soils, spring precipitates and some bogs (which contain Mn);
mechanical for placers.

W IS A PATHFINDER FOR: non-pegmatitic beryllium, snd beryllium-fluorite deposits
(Table JA-4).

PATHFINDERS FOR W ARE: W is an excellent indicator of its own deposits partjcularly
by obtaining scheelite and wolframite in the heavy fractions of eluvium near w
deposits, in soils of stream sediments (scheelite fluoresces lfl ultraviolet light
whereas wolframite does not). B, F, As, Li, and Cu in some districts.

COMMENTS: Boyle (1974a) list 11 di(Terent types of W occurrences, including the
alkaline brines at Searies Lake, California, which contain 70 ppm WO,.

URANIUM (U)

loNEOUS ROCKS (ppm): AV 2.7, MAFIC 0.6; InTER 3; FELSIC 4.8.
SEDIMENTARY ROCKS (ppm): SH 4; BLSH 3.1250; Ss 0.45-3.2; Ls 2.
SoiLs (ppm): Av 1.
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Sumrace wateas (ppb): Av0.4.

VEGETATION ASH (ppm): 0.5, poor biological response (Table 10A-1) but associsted
slements such ss Rs, Mo and Se may be useful.

GROCHEMICAL ASSOCIATIONS: Lithophile; U, Th, rare-earths, P, F, Zr, Ti, Mo, Bi,
Cu, Ag, Zn, etc., depending on the type of igneous association (e.g., pegmatite,
carbomatite); U, Cu, V, Se, Mo, C in sandstone type; U-Au in placers; see below
under “Pathfinders” for additional associations.

OnE MINERALS: uraninite, brannerite, camolite.

SUSSTITUTIONS IN: zircon, apatite (including phosphorites), sllanite, niobate-tants-
lates (e.g., cuxenite), monazite (Table 2A-5).

SORS; OCCURRENCE IN: resistate, clastic and transported minerals and rock fragments;
adeorbed on organic matter, clays, snd iron oxides.

IECONDARY MINERALS: phosphales, vanadates, carbonates; also uraninite.

\Q#™OUS PHASE: urany) carbonste and phosphate complexes (Figs. 3JA-10, JA-11).

Y — PRIMARY ENVIRONMENT: highly mobile; concentrates in late phases (gra-
nites, hydrothermal veins).

VIOBILITY — SECONDARY ENVIRONMENT: highly mobile in the oxidizing environment,
especiatly alkaline (Figs. JA-10, 3A-11).

IBOCREMICAL BARRIERS: reduction (Eh); sdsorption; special lon precipitates (eg.,
vanadsios such 83 carnotite).

) 15 A PATHFINDER POR: uranium deposits; it has potential for Au-U placers, certain
Ag-Au veins, and carbonatites.

'ATHRNDERS FOR U AnE: Depending upon type of deposit: (a) sandstone or roll-front
typa: Mo, Se, V, Cu, C; (b) classical vein (e.g., Besveriodge, Sask.): Cu, Ag, Co,
V, Ni, As, Au, Mo, BI, Se; (c) unconformity vein (e.g., Key Lake, Sask.): Cu, Ag,
Co, Ni, As, V, Se, Mo, Au; (d) pegmatite: Th, Mo, Nb, Ti, rare-earths; (e) car-
bamatite: Nb, Th, Cu, F, P, Ti, Zr, rare-earths; () placer (e.g., Elliot Lake, Ont.):
Th, Ti, Au, Zs, rare-carths. In addition, Rn, He and Ra for all types of uranium

deposits. .

'OMMPNTE: All modemn exploration geochemists must understand the factors

ing the mobility of uranium and its daughter products (e.g., Rn, Ra) in the
socondary environment, complexing, disequilibrium, and other topics discussed
throughout this book, particularly in Chapier 3A (but see additional entries in the
Index). Also, se¢ entries under Radium and Radon in this Appendix.

VANADIUM (V)

INBOUS ROCKS (ppm): AV 135; MaRC 250; INTER 100; FeLsic 20.
EDIMENTARY ROCKS {ppm): S1 130; BLSH 150-700; S5 20; Ls 15.

0;:, (ppm): Av 80. RANGE 20-500; TEMP 10-400; Artp 10-300; Tro? (Hum) 10-
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SURFACE WATERS (ppb): AV 0.9.

VEGETATION AsH (ppm): 60; geobotanical indicators of V are known (Table 10-2) but
the overall biological response for exploration purposes are poorly documented.

GEOCHEMICAL ASSOCIATIONS: Siderophile and lithophile; V, Ti, Fe and P in
vanadiferous magnetite; V, Cu, Pb, Zn, Mo, Ag, Au and As in polymetallic sulfide
deposits; U, V, Se, Mo, Cu, K, Cs and C in sandstone-type U ores;, P, U, V, F, Se,
As, etc., in phosphorites and black shales; V, Fe, Mn snd P in certain V-rich sedi-
mentary iron ores; V, S, C, Ni, Fe and Cs in deposits of asphalt or other solid
hydrocarbons (e.g., Minas Ragra, Peru); V is a common constituent of petroleum
(generally from $-50 ppm) from which it may be economically recovered; V may
be high in the ash of some coals; and V and other elements in Mn and Fe oxides.

ORE MINERALS: principally vanadiferous (up to 0.5% V) magnetite; V-containing
uranium minerals (c.g.. camotite); patronite (VS,) is one of only two known
vanadium sulfides and is mined in Peru. .

SUBSTITUTIONS IN: magnetite, sphene, rutile, muscovite (var. roscoelite), biotite,
apatite (in iron ores), amphiboles; the silicates release V upon weathering.

SOILS; OCCURRENCE IN: within resistates (¢.g., magnetite, sphene), ot in decomposing
mafic minerals; adsorbed or coprecipitated with clays (e.g., laterites); in Fe-Mn
oxides.

SECONDARY MINERALS: many secondary vanadates (e.g., vansdinite, descloizite, car-
notite, tyuyamunite); also V oxides (c.g., montroseite) and other mineralogical
types.

AQUEOUS PHASE: as various soluble vanadates, e.g. (H,VO,) - .

MOBILITY — PRIMARY ENVIRONMENT: low; concentrates in the early-formed rocks and
minerals (e.g.. magnetite, mafics) as & trace-minor constituent replacing Fe;
vanadium forms no primary magmatic minerals.

MOBILITY — SECONDARY ENVIRONMENT: highly mobile in oxidizing, acid-alkaline

waters; immobile in reducing environments (Fig. 3-19, Table 3A-3); spring pre-
cipitates often enriched in V; resistates (c.g., V-magnetites) form placers.

GEOCHEMICAL BARRIERS: reducing; adsorption; mechanical (placers).

V 1S A PATHFINDER FOR: sandstone, classical vein, and unconformity vein types of
uranium deposits.

PATHFINDERS FOR V ARE: V I3 & good indicator of its own deposits and most types of
surveys (e.g., soils, sediments) work well; analysis of magnetites in heavy miners!
surveys for V may lead to vanadiferous magnetite deposits.

COMMENTS: Vanadium is s widely dispersed, relatively abundant element (more
abundant than Cu, Pb, Zn or Ni; Table 2A-1). In magmas V occurs as V3+ and re-
places Fe'* in magnetite, mafic minerals, and micas (siderophile association); in
the secondary environment (vanadates;, lithophile associstion) it occursas V3+. V
may also occur in the tetravalent state, such as VO?+ complexes in soil organic
matter. Along with Fe, Mn, S and U (and 1o a lesser extent, Mo and Se),
vanadium is one of the few elements whose varisble valence state is of importance
in exploration geochemistry.
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ZINC (Zw»)

loneous Rocks: (ppm): Av 70, MaRC 100; INTER 60; FELSIC 40.

SEDIMENTARY ROCKS (ppm): SH 100; BLSH < 300-1000; Ss 16; Ls 25.

Sons (ppm): Av 50. Range 10-300; TEMP 10-600; ARID 10-900; Tror (Hum) 10-
400.

SURPACE WATERS (ppd): AV 20.

VBOETATION ASH (ppm): 900, biological response fair to poor (Zn is a **dilficult’® ele-
meat; see p. 407); high Zn can produce barren arcas (Fig. 10A-2) as a result of its
toxicity to vegetation even though it is an essential nutrient in smali amounts.

GBOCHEMICAL ASSOCIATIONS: Chalcophile; Zn, Cd in essentially all occurrences; Za,

.Cd, Pb, Ba, F in Mississippi Valley type deposits; Zn, Pb, Mn, Ba, Fe in stratiform
. (volcanogenic) deposits; Zn, Pb, Fe, Cu, Ag, Ba, Te, etic., in veins and massive
sulfide deposits; Zn, Pb, Cu, Ag, B, Mo, W, Be in skarns; Mn, Ni, Cu, Co, Zn in
‘sep-sea nodules; Cu, Mo, Re, Fe, Au, Ag, Zn in some porphyry copper deposits
(Fig. TA-4); Cu, Pb, Zn in copper shales.
ORE MWNERALS: sphalerite (which contains numerous trace elements such as Cd, Se,
.Mn, Ag, Cu, Ga, Hp, eic.; soe Table 2-5); sphalerite is casily weathered.
_SUSSTITUTIONS IN: biotite and amphibole (in acid and intermediate rocks replacing
Felt gnd Mg2+; these minerals are casily weathered); magnetite (In mafic rocks;
stable).

$018; OOCURRENCE IN: Fe-Mn oxides (adsorbed and coprecipitated); clays and
otganic mstier (adsorbed); in some secondary Za minerals.

SBCONDARY MINERALS: smithsonite (ZnCO,); hemimorphite (Zn,Si;0,(0OH),-H,0);

" uydrozincite (Zn,(CO,),(0H),); willemite (ZnSiO,).
AQUBOUS PHASE: jonic Zn!+; soluble organo-metallic complexes; some Zn may be

. *“temporsrily” incorporated in floating organisms (e.g., algae) or adsorbed on sus-

peaded matter: :

MOBILITY — PRIMARY ENVIRONMENT: in most igneous rocks Zn substitutes in mineral

. structures (e.g., magnetite, biotite, amphibole); Zn ore deposits in igneous rocks

g’_\ 3 wsually found associated with felsic tocks and hydrothermal veins; transport
probably as chiloride and bisulfide complexes.

MOBILITY — SECONDARY ENVIRONMENT: high in oxidizing acidic and neutral waters

- (pH of hydrolysis = 7.0, Table 3-6), hence low mobility in carbonate-rock terrain;
high in reducing gley environment (Table JA-3); immobile in sulfide environ-
meat; mobility in waters may be greatly reduced by adsorption or coprecipitstion
on Fe-Mn oxides (in soils, stream sediments, spring precipitates), and by sdsorp-
tioa on organic matter. '

GeocHEMICAL sARRiERS: pH; reducing hydrogen sulfide; adsorption (on clays, Fe-
Mn oxides, organic matter); coprecipitation (on Fe-Man oxides); precipitsted by
high abundances of carbonate and phosphate in waters.

Geochemical Charscleristics of Selected Elements "

2N 1S A PATHFINDER FOR: Pb deposits; Pb-Ag deposits; some fluorite deposits; most
polymetallic sulfide deposits; skarn deposits; porphyry copper deposits; numerous
other deposits (sce Table JA-4). *

PATHFINDERS POR ZN ARE: Hg in some vein and massive sulfide deposits; F in some
carbonate-hosted Zn deposits; F In some skern deposits; Pb in solls, glacial
materials, and other sampling media (usually except waters) where Zn and Cd
have been leached from sphalerite-galens deposits; Mn in stratiform (exhalative)
deposits (Fig. TA-2); Zn Is an excellent indicator of its own deposits.

COMMENTS: Zn is the most commonly determined element i geochemical explora-
tion because: (1) it is easily determined by several analytical methods to sufficient-
ly low abundances; (2) it is mobile in most geochemical environments (important
exceptions include alkaline, and reducing hydrogen sullide environments); (3) it
forms extensive halos in solls, sediments, glacial materials, most types of waters,
bog materials, etc.; (4) it is & common constituent of many different types of
deposits and, therefore, it is a good pathfinder (Table 3A-4).

Zn (up to 0.1%) may be found in some phosphate fertllizers (soe pp. 196 and 204
for other exampies of Zn contamination and false anomaties). Wedepohl (1969-
1974; Chapter 30) prepared an outstanding compilation on the geochemical
characteristics of Zn.
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Table 3 Average contenis of chemical ciements in the lithosphere and 1n s consutuent rocks (weight percent)
Conuinemal Sed tary
Y lithosphe iraminig . . Intermicdisic Basc Ultra- imen Carbo
g é 1.lement lucllud.z. ::a. ‘ shell Granne Granodionite .“‘“ ! m:“ ;::K Schist rocks "o‘::l‘
< 2 menisary cover) Sendstone
1 | Hydrogen 0.10 0.10 0,06 0,09 0,11 0,12 —_ 0.40 0.25 0,09
2 | Helium 6- 107%cm® per gram of rock weight
3 | Lithwum 2,0-1073 3,0-1072 3.8-107? 3,0-1073 2,5-107? { 1LS-107 0,2-10 [6,6-10-j1,5-107°]10,5-1073
4 | Berylium 1,5-10¢ 2,510 3,5 10 2,510 1,8-10¢ 0,4-107¢ 0,210 |3,0.10°°;0,n 107*}0,n-10"¢
5 | Boron 0,710 1,0.1072 1,5-1073 },2-107 0,9-1072 0,5-107 0,3-1073 J0-10-2 1 3,5-1073]2,0-107
6 | Carbon 1.7 10 3,010 3,0-10* 3,0-10"2 3,0-107% 2,0.107 1,0-10-? 1,2 1.3 11,0
7 | Nitrogen 2,0-107? 2.6 107 2,7-107° 2.0-107* 2,0-107? 3.5-10™ 1,0-10-3 §545-1073%13.5-107%0,7-107?
8 | Oxygen 46,6 48,1 48,7 48,0 47,0 4.5 43,7 49.0 51,5 49,2
9. Fluonine 6,0-10"? 7,2.10°¢ 8,3-10* 6.3-10"* 5,010 4,0.10* | 1,0-107 7.4-1072]2.7-107*/3,3-1072
10 | Neon 7.7-107% cm’ per gram of rack weight
11 | Sodium 2,3 2,2 2,66 2,78 2,60 1,90 0,18 0,98 0,92 0,25
12 | Magnesium 2,4 1,2 0,33 1,10 2,2 4,50 20,50 1,50 0.7 4,60
13 | Aluminum 8,1 8.0 7.40 8,60 8,90 8,50 2,40 8,65 2.90 0,96
14 { Silicon 27,7 30,9 34,0 30,5 27,5 23,0 20,0 27,5 34,7 3.4
15 | Phosphorus 0,10 0,08 0,06 0,11 0,15 0,15 0.05 0,07 0,04 0,05
16 | Sutfur 0,03 0.0 0,04 0,04 0,04 0,03 0.0l 0,24 0.02 0,12
17 | Chilorine 1,010 1.7 1072 2,010 1,3-10° 1,0-10°t 0.6-10"3 0,5.-1¢ 1.80-107*) 0.1 107%{i1,5-107?
18 | Argon 2,2-107* cm’ per gram of rock weight
19 { Polassium 1.8 72,70 3,50 2,52 1,50 0,70 0,05 2,70 1,32 0.28
20 fCaloum 4,3 2.5 1,12 2.40 4,60 7,30 3.40 2,60 2.67 32.5
21 | Scandium 2.4.107? 1.1 107! 0,7-107? 1,4-1073 2,0 1073 3,0-107 1,5167? 1,3:1072}0,1 1072(0,1 10
22 | Tuanmum 0.6 0,33 0,17 0,38 0,60 0,80 0,35 0.38 0,30 0,12




Tabie 3 (conunued)

-
Continental
é é Elemens (nl::‘l::::‘:m G:::::‘ Granne Granodwonie lmc:::::un :: m Schm s.‘:"";:m c.:::r
< 2 menwsry cover)
23 | Vanadium 1.9-10— 7.6-10° 4.4-10° 8,810 15-10¢ 25-10™ 4,0-10°¢ 13-107¢ §2,0-10%{2,0-10~*
24 | Chromium 1,2-107 0,34-107 0,1-10 0,22-10-» 0,55-10 1,7-10— 16,0-10"* 10,9-10]0.35-10* 0.11-10-
25 | Manganese 0,09 0,07 0.04 0,07 0,12 0,12 0,10 0,08 0,04 0.04
26 jIron 5.7 3.6 1.8 3,% 5,50 8,40 8,70 4,80 2,80 0,85
27 { Coban 3.4-107 7,3-10~¢ 1,0-10—¢ 7,0-10~¢ 9,0-10~¢ 48-10— 150-10—¢ 19-107¢ 1 0,3-10~{0,1-10~*
28 | Nickel 9,5-10- 2,610 0.45-10° 1,5-10-¢ 5,0 10 13-10 200-107* {6,8-10— 0,2-10%§0,2.-10?
29 | Copper 6,5-10 2,2-107 1,0-107? 2,6-10- 4,0-107° 8,7-10- 1,0-107* [ 4,5-10- 0,1-107%,4-10°
30 | Zinc 8,7-107 §5,1-1073 3,9-107 5,6-10-? 7.5-10-¢ 10,5-10? 5,0-10* [9,5.10 1,6-10%|2,0-10"
31 | Gallum 1,7-1073 1,9-107¢ 2,0-107 2,0-1073 1,7-10° 1,7-1072 0,15-10 | },9.10~ 1,2-102{0,4-10-*
32 {Germanium 1,310 §,3-107¢ 1,3-10~¢ 1,3-10~¢ 1,3:-10¢ 1,3-10~¢ 1,5:10¢ |1,6-107 0.8-1040,2-10"
33 [Arsenc 1.9-10-¢ 1,6-107¢ 1,5-10-¢ 1,9-10¢ 2,0-10—¢ 2,0-10¢ 1,0-10¢ |13,0-10~ 1,0-10¢]1,0-10"*
34 |Selenium §,0-10 1,4-10° 1,410 1,410 1,4.10°¢ 1,3-10~ 0,510 5,0.10]0,5-10~ 0,810
35 iBromine 2,0.10—¢ 2,2.10°¢ 1,3-10—¢ 4,0-10~¢ 4,510~ 3,6-10-¢ 1,0-10 [4,0-10~*] 1,0-10~ 6.2.10°
36 {Krypion $,2:107% cn’ por gram of sock weight
37 JRubidium 9,0-107 18-10° 21-10-? 16-)0-° 1-10-% 5,0-10° 0.5-10°¢ 14-107% | 6,010 0,3-14
38 {Suontium 3,8-10 2,310 11107 4,4-10m 4.5-10 4.7-10 0.1-10¢ |3,0-107}0,2-10— 6,1-102
39 {Yurium 2,6-10 3,610 4,0-107 3,410 2,9-10° 2,110 n-10-* 2,6-10%! 4,0.103 3,0-107
40 [Zirconium 1,3.10- t,7-107 1,8-10 1,6-10 1,4.10 1,1-10- 0,45-10 | 1.6-10 2,2-10-2{0,2-10—*
41 [Niobium 1,910~ 2,0-107 2,1-107 2,0-10 2,0-10~ 1,9-10-? 1,6-10°% {}1.1.10~ a-10™ 0,3.10-
42 [ Molybdenum 1,3-10~ 1,310~ 1,310~ 1,2.10-¢ 1,110 1,5-10~¢ 0.3-10¢ 2,6-10°4]0,2.10~¢ 0.4-10—¢
43 |Technetium - —_ - _ —_
44 [Ruthenium Data not availabie
45 Rh(_)dium Daws not avauabie
Tabie } conunued)

Conunenua) ‘- Sedimensary| L onam
E é Elemen: (u.::llm:. :ﬂa G:::;:" Grenue Granodionie |M"'::‘“' l:‘:l t::"‘ Sctus &'Mm- rocks
<2 mentary cover)
46 | Palladium a-1077 n-107* n-107¢ n-107 a-107 2,0-107 5.0-107 o f '"‘“’: -10-
o7 | Suiver 9.0-10~ 4,810~ 3,7-10~ 5,1-10~ 7.0-10°¢ 11.10"¢ 6,0-10* ]7,0-10 n-10 n
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38 Suontium 3,8 10 2,310 1,1-107 4,4-107 4.5-10 4,710 0,1-10* |3,0-10°*|0,2-10*

39 | Yirium 261073 3,6-107? 4,0-107 3,410 2,9:-10°% 2,1-107? n-10°* 2,6-1072| 4,0-10-2

40 |Zircomum 1,310 1,7-1073 1,8-10" 1.6-10™ 1,410 1.1-10°? 0,45:-10"* {11,610} 2,2-10

41 INiobium 1,9-1072 2,0-107? 2,1-10° 2,0-107% 2,0-10° 1,9-10°¢ 1,6-107* {1 1,1-10%} n- 107

42 | Molybdenum 1,310 3,3:107 1,3.10°¢ 1,210 1,110 1,6-107¢ 0.3-10¢ 12.6-107¢]0,2-10¢

43 | Techneuum — - — - -

44 [Ruthenium Daws not available

45 |Rhodium Data not svailabie

. . —- el nte o | bin s ook .A..&“M
Table 3 (conunued)
Conunenial

Eé Element (ul::ll:::::‘:m G::::u Granue Granodionie .m,’::.:“u :::: m Schim 5-‘::;:“'7 La::“uu

<2 mentary covert

46 Palladium n- 1077 n-10-* n-10-¢ n-10¢ n-107 2.0-107? 5.0-107 Daw not svaslable

47 | Silver 9,0-10—¢ 4,8-10—¢ 3,7-107¢ 5,1-107 7,0-10°¢ 11107 6,010 |7,0-10°| n-10* | n- 10"

48 |Cadmium 1,9-10°¢ 1.5-107 1,3-10¢ 1.,6-107 1.8-10* 2,2-10° 0,1-10% {3,0:10*]0,n-107%{0,4-10°%

49 | Indium 2,3-107 2,5-107 2,6-10™ 2,4-10° 2,2.10™ 2,210 0.1-10° |1,0-107%{0.n-10%/0,n 107

50 Tin 1,9-107¢ 2,7-10°¢ 3, 0-10¢ 2,5-10~¢ 1,610 1,5-10-¢ 0,5-10* 16,0-10%|0,a-10-%0,n-10~

51 | Antimony 2,0-10°¢ 2,0-10°® 2,0-10¢ 2,0-10¢ 2,0-10¢ 2,0-10°¢ 1,0-107 16-107 | 0,010 2,0-10"¢

52 |Telturium 1,0-1077 1,0-1077 1,0-107 1,0-1077 1,0-107 1,0-107 0.2-107 | 10-1077 Deta not available

53 {lodine 5107 5-107 5-1077 5-107 5-107 5-10° 5-107 2,2-10™ l,7-|0“| 1,2-10

54 | Xenon 3,4:1071* cm’ per gram of rock werg

55 |Cesium 2,0-10° | 3,810 | s5,0-10°% | 2,0-10° 1,5-10° 1,1-107¢ n-100°  [5,0-10%| a-10~* | n-10~

56 |Barium 4,5-10* 6,810t 8,4-107 4.5-10 J,8:10 3,3-10* 0,4-10* }58.10%} »-10° }1,0-10-®

57 |Lanthanum 2,510 4,6-107? 5.5-107 4,0-10"* 3,0-107? §,5-10" n-10™2 9,2-10%| 3,0-10*| n-10—*

58 [Cerium 6.0-10°2 8,3-107? 9,2-107 8,0-10"* 6,5-10°* 4,8.107 a-107 5,9-10719,2.10°°{1,2-10~*

59 |Praseodymium 5,7-10~* 7,9-10¢ §8.8-10~ 7.5-107 6,2:10°¢ 4.6-10° n-10~* 5,6-10*|8,8.10¢|1,1-10¢

60 |Neodymium 2,4:107 3,3-107 3.7-10° 3.2-107 2,7-10° 2,0.107 n-10-% 2,4-107*13,7-10%] 4,7-10*

61 {Promethium - - — — — - - -_ —_ -

62 {Samarium 6.5 10 9,0-10¢ 10,0-10"¢ 8,510 7,5-10~ 5.3-10* n-107? 6,4:10411,0-10%]1,3-10™¢

63 | Europium 1,010~ 1,410 1,6-10~¢ 1,4-10¢ 1,2-10* 0.8-10~¢ n-10°% 1,0-107%] 1,6.107410,2-10¢

64 |Gadolinium 6,5-10¢ 9,0-107? 10,0-10¢ 8.5-10~* 7,5-10° 5,3.10~¢ a-10~ 6,4-10°4§£,0.10%}1,3-10~¢

65 | Terbium 1,0-10° 1,4-107¢ 1,6-10¢ 1.4-107% 1.2-10° 0,8-107¢ n-107? 1,0-10°%]| 1,6-104}0,2.10¢

66 | Dysprosium 4,6-10" 6.5-10-¢ 7,210 6, 1-107 5,2-10° 3,8-10¢ a-107* 4,610 7,2.107%}0,9-10—

67 | Holmium 1,310 1,8-10~¢ 2,0-10°¢ 1.8.10 1,5-10¢ 1,1-107¢ n-10* 1,2:104}2,0-10%{0,3-10¢

68 | Erbium 2,610 3,610 4.0-107¢ 3.2.10 2.8-10 2.1-10+ n- 107 2,5-107¢|4.0-10¢|0,5- 10
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69 | Thulium 0,2.104 | 0,3.10~ |} 0,3-10~ | 0,3-10¢ | 0,2110% | 0,2:100% | 5-10% ]0,2-104}0,3-10~}0,4-10-
70 | Ynerbium 2,6-104 | 3,6-10% | 4,010 | 3.2.10 | 2,810 | 2,110 | a-10% }2,6-104]4,0.10~]p,5-10¢
71 | Lutecium 0,810 | 1,110 | 1,2-10% | 1,0-10% | 0,810 | 0,6-10¢ | a-10% |o0,7-101,2-16}0,2-10~
72 | Hafnium 2,6-104 | 3,510 | 3,910 | 3,2.10 | 2,810 | 2.2.10% | 0.,5-10¢ |2,8-10|3,9.-107¢}0,3.10~
73 { Tantalum 1,0-10¢ 2,1-107¢ 2,510~ 1,8-107¢ 1,2-107¢ 0,5-10°% 0,2-10* {0,8-100¢] n-10"* n-10-*
74 | Tungsten 1,1-10~¢ 1,910 2,210 1.7-10™ 1,2-10™* 0,7-107¢ 0,1-10~¢ 1,8-10~4} 1,6-10°%190,6-10°*
75 | Rhenium 7,0.10 | 7,010 | 6,7-10~ - - 7,110 - _ — -
76 | Osmivm —_ Data pot available —_ —_ — — - —_ -
77 | Iridium 2,010 | 1,5-10 , 1,0-10° - -~ 2,2-10~ - _ - -
78 | Platinum - Data not availabie —_ - 1,0-10°% 2,0-10° - — —
79 | Gold 1,710 § 1,2:107 | 0,8-107 | 1,2-107 | 2,8-107 | 3,610 | 6,010 | #-10? | a-107 | s-107
80 | Mercury 4,6-10% | 6,6.10% | 67104 | 6,710 | 7,5-10% | 6,500 | 6,4-10% |6,6-10%]7.4-10]4.5-10 .
81 | Thattium 0,710 | 1,8-10% | 2,310~ | 1,500 | 1,0.104 | 0,2:10% | 0,6-10¢ |1,4-104]0,8-104] a-10~ )
82 | Lead 0.9-10° | 1,6-10° | 1,910 | 1,5.10% | 1,2.10% | 0,6-10% | 0,1-10° |2,0-10°]0,7-10]0,9-10~
83 | Bismuth 0,8-10 | 1,010 | 1,010 | 1,010 | 0,810 | 0,7-10% ! 0.1.10% | Oats ot available | — o
84 | Polonium —_ —_ — - —_ — — — _ _ _,.f_ .
85 | Astatine - - - - - - - - _ - AR
86 | Radon Dawu not availabie - o X
87 | Francium - R - — - - - - - Y 2
88 { Radium Data not avauabie ll- G,
89 | Actinium - -_ — — — — — - —_ - 2 :-"
90 | Thorium 7,310~ 1,4-10°¢ 1,7-107? 1.2-10 8,5-10¢ 4,0-10~¢ 4,0-10 1,210, 1,7-1074(1,7-10~
91 | Protactinium - — - — - 1,010 | 1,0-107 |3,7-104.5-10]2.2 10~ .
92 | Uranwm 1.5:-10¢ | 2,6-10% | 3,010« | 2,510 | 2,0-10¢ - - - - - VoL
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TaMe 131  Typical concentrations of selected elements in rocks {mg/kg (ppm)) and in streams and the ocean {ug/xg

(ppb)) (from Turekian 1971a; Marun and Meybeck 1979, and other sources).

Granite Basalt Shole Sandstone Limestone Streams Ocesn
Lithium k ) 17 66 18 5 10 170
Beryllium 3 1 B) 0.006
Boron 10 S 100 )8 20 20 4450
Fluonne 800 400 740 270 330 100 1300
Alumnum Major Ma)or Major Major 4200 50 ]
Scandium 10 30 13 ! 1 0.004 0.0004
Titantum Major Major Masjor Major 400 10 1
Vanadium 50 250 130 20 0 1 2
Qiromium 10 170 90 s 1 l 0.2
Manganese 430 1500 150 0 1100 s 02
Iroa Major Major Major Major Major 0 2
Cobalt 4 4 19 0.3 0.1 0.2 0.08
Nickel 10 130 63 2 20 2 03
Copper 20 (Y] It 2 4 ? 0.3
Zinc 0 103 9s 16 20 ¥ 2
Gallium 17 17 19 12 4 0.1 0.03
Germanium i ] 2 1 0.2 0.06
Arsenxc 2 2 1 1 I 1 3
Seleasum 0.05 0.05 0.6 0.03 09 0.2 0.1
Bromune 4 4 4 1 3 20 67300
Rubidium 150 130 140 60 ] \ 120
Strontum 250 463 300 20 600 &0 $100
Yunum 40 28 3s 10 4 0.07 0.001
Zircoruum 150 140 160 220 20 0.03
Molybdenum | 1.5 2.6 0.2 04 0.3 10
Silver 0.04 0.1 007 0.3 0.04
Cadmium 0.1} 0.2 03 0.03 0.03
Antumony 0.2 01 1 04 03 1 0.3
lodine 0.3 0.s 2 ] 1 7 o
Cestium k] 1 [ [ [] 0.03 01
Banum 600 330 $80 10 S0 10
Rare eanths 0.5-70 1-80 1-80 0.05-13 0.05-8 0.001-01 0.001
Tungsten 1.7 0.7 [ 1.6 0.6 0.03 <0.001
Gold 0.002 0.002 0.005 0.006 0.006 0002 0.00¢
Mercury 0.03 0.01 04 00} 0.04 007 003
Thalhum 1.5 0.2 1.4 0s <0.0}
Lead 17 6 20 7 9 1 003
Thonum 14 2.7 12 5.5 2 01 <0.000%
Uranium 3 1 4 2 2 01 13




